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Agriculture Scenario with Changing Climate: Impacts, 
Adaptation and Mitigation Strategies

Indian Journal of Ecology (2018) 45(4): 667-679

Abstract: Agriculture being a climate-sensitive sector also a sector that provides livelihood for more than 60% of Indians. It is amongst the 

most vulnerable sectors to the risks and impacts of global climate change, therefore over the past decade a large number of studies have tried 

to assess the impact of climate variability and climate change. Climate change has often been described as "one of the most pressing 

environmental challenges". It is a growing global problem and concern, calling for concerted efforts by the developed as well as developing 

countries. Climate change scenarios include higher temperatures, changes in precipitation, and higher atmospheric CO  concentrations which 2

may affect on yield (both quality and quantity), growth rates, photosynthesis and transpiration rates, moisture availability, through changes of 

water use (irrigation) and agricultural inputs such as herbicides, insecticides and fertilizers etc. Environmental effects such as frequency and 

intensity of soil drainage (leading to nitrogen leaching), soil erosion, land availability, reduction of crop diversity may also affect agricultural 

productivity. All these changes can influence human health, cause changes to forests and other ecosystems, or even impact our energy 

supply. Impact of climate change on agriculture will be one of the major deciding factors influencing the future food security of mankind on the 

earth. Agriculture is not only sensitive to climate change but at the same time is one of the major drivers for climate change. This article reviews 

the existing literature that assesses the impact of climate change on agriculture and how it affects the agricultural production. This paper is also 

focusing on the potential roles of adaptation and mitigation strategies and their interactions, in response to climate change to improve 

agriculture sector in India.
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The climate of our country is undergoing a dramatic 

change. Climate change is the single most important issue 

that is attributed directly or indirectly to human activity which 

alters the composition of the global atmosphere. Due to its 

importance around the globe, agriculture is one of the first 

sectors to be studied in terms of potential impacts of climate 

change. As we know, agriculture sector alone represents 23 

per cent of India's Gross National Product (GNP), plays a 

crucial role in the country's development and shall continue 

to occupy an important place in the national economy (Shah 

2018). It sustains the livelihood of nearly 70% of the 

population and  any significant change in climate on a global 

scale will impact local agriculture, and therefore affect the 

world's food supply (Khan et al 2009). Climate and 

agriculture are intensely interrelated global processes and 

therefore any change in climate affects agricultural 

production (IPCC 2007). Impact of climate change on 

agriculture will be one of the major deciding factors 

influencing the future food security of mankind on the earth. 

Agriculture is not only sensitive to climate change but at the 

same time is one of the major drivers for climate change. 

Agricultural facilities contribute approximately 20 % of the 

annual increase in anthropogenic greenhouse gas emissions 

(IPCC 1996). This sector contributes to global warming 

through carbon dioxide (CO ), methane (CH ) and nitrous 2 4

oxide (NO) gases emissions. As a consequence, major 

changes in the hydrological regimes have been also forecast 

to occur. Changes in the temperature, solar radiation, and 

precipitation will have an effect on crop productivity and 

livestock agriculture. Climate change will also have an 

economic impact on agriculture, including changes in farm 

profitability, prices, supply, demand, trade and regional 

comparative advantages (Kaur and Kaur 2016).

Climate variability and climate change can influence 

crop yields and can force farmers to adopt new agricultural 

practices in response to altered climatic conditions. The 

potential effect of climate change on agriculture is the shifts in 

the sowing time and length of growing seasons 

geographically, which would alter planting and harvesting 

dates of crops and varieties currently used in a particular 

area. Understanding the weather changes over a period of 

time and adjusting the management practices towards 

achieving better harvest is a challenge to the growth of 

agricultural sector as a whole. Therefore, concerted efforts 

are required for mitigation and adaptation to reduce the 

vulnerability of agriculture to the adverse impacts of climate 

change and making it more resilient

Impact of temperature on agriculture: Among the ever-



 

Fig.1. Framework of climate change impact, mitigation and 
adaptation in agriculture

changing components of the environment, the constantly 

rising ambient temperature is considered one of the most 

detrimental stresses. Over the past 100 years, the global 

average temperature has increased by approximately 0.2°C 

per decade and is projected to continue to rise at a rapid rate 

(IPCC 2007). It is projected that by the end of the 21st 

century, the mean annual temperature over India will 

increase by 3-5°C. The warming is more pronounced over 

land areas with a maximum increase over northern India. The 

temperature rise is likely to be much higher during the winter 

(Rabi) rather than in the rainy season (Kharif). It is well 

documented that water stress not only reduces crop 

productivity but also tends to accelerate fruit ripening 

(Henson 2008). Exposure to elevated temperatures can 

cause morphological, anatomical, physiological and 

ultimately biochemical changes in plant tissues and, as a 

consequence, can affect growth and development of 

different plant organs. These events can cause drastic 

reductions in commercial yield. Projections indicate the 

possibility of loss of 4–5 million tonnes in wheat production 

with every rise of 1°C temperature throughout the growing 

period with current land use (Aggarwal 2008). In March 2004, 

temperatures were higher in the Indo-Gangetic plains by 

3–6°C, which is equivalent to almost 1°C per day over the 

whole crop season. As a result, wheat crop matured earlier by 

10–20 days and wheat production dropped by more than 4 

million tons in the country. Losses were also significant in 

other crops, such as mustard, peas, tomatoes, onion, garlic 

and other vegetable and fruit crops (Samra and Singh 2004).

Higher daytime temperature accelerates plant maturity 

and results in reduced grain filling, while higher night 

temperatures increase yield losses due to higher rate of 

respiration. With regard to warmer temperatures, crop yield 

can be affected at any time from sowing to grain maturity, but 

it is the time around flowering (when the number of grains per 

land area is established) and during the grain-filling stage 

(when the average grain weight is determined) that high 

temperatures have the most impact on the final harvestable 

crop, as in cereals (Barnabas et al 2008). It is also reported 

that for every one degree rise in temperature the decline in 

rice yield would be about 6% (Saseendran et al 2000) An 

increase in minimum temperature up to 1.0 to 3.0 degrees 

Celsius above normal has led to decline in productivity of rice 

and wheat by 3% and 10% respectively in Punjab (Hundal 

and Kaur 2007). Coconut yields were not affected with the 

increase of maximum temperature upto 44°C but above then 

that it reduced the yield. Increasing temperature above 1°C in 

the Himalayan region is adversely affecting the yield of apple. 

Episodic heat waves can reduce yields, particularly 

when they occur during sensitive developing stages, such as 

the reproductive phase which increases sterility (Moriondo et 

al 2011). The reproductive phase and maturity phase 

shortened by 5 and 15 days in early and late sown varieties of 

wheat at Palm Valley of Himachal Pradesh. One to ten day 

shortening of reproductive phase in rice was observed in 

Palampur region. The timing of wheat flowering and grain 

maturity may be considerably earlier at warmer 

temperatures, thus shortening the time for carbon fixation 

and biomass accumulation before seed set. Hot 

temperatures (>32–36 °C) can also greatly reduce seed set 

in many annual crops if elevated temperatures coincide with 

a brief critical period of only 1-3 days around the time of 

flowering (Craufurd and Wheeler 2009). In groundnut, for 

example, Vara Prasad et al (2000) noted that, temperature 

between 32- 36 °C and up to 42 °C, the percentage fruit set 

fell from 50% of flowers to zero and the decline in rate was 

linear, illustrating the sharpness of response of crop plants to 

temperatures between 30 and 35 °C during the flowering and 

fruiting periods. Similar patterns have been identified for 

other food crops; for example, in maize, pollen viability is 

reduced at temperatures above 36 °C, while grain sterility is 

brought on by temperatures in the mid-30 °C in rice (Porter 

and Semenov 2005). In fact, the reproductive limits for most 

crops are narrow, with temperatures in the mid-30 °C 

representing the threshold for successful grain set (Porter 

and Semenov 2005). Impact of high temperature was 

observed from the experiments on pollen sterility and 

germination in rice. Maximum temperature above 35°C and 

minimum temperature 23°C at flowering stage increased the 

pollen sterility in two normal and three basmati varieties of 
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rice and the effect was more profound in basmati cultivars. 

High thermal stress during post-flowering duration 

manifested 18, 60 and 12 percent reduction in economic yield 

of wheat, mustard and potato, respectively. The International 

Rice Research Institute (IRRI 2007) has reported that the 

most damaging effects of climate change on rice quality will 

be caused by higher temperatures, which will affect such 

quality traits as chalk, amylose content, and gelatinization 

temperature.

Global environmental change will probably cause lower 

yields due to temperature extremes, simply by changing the 

frequency of temperature extremes over short periods of 

particularly sensitive stages of plant development. Tolerance 

to such conditions will require breeding and selection of 

better adapted varieties (Lawlor and Mitchell 2000).

Impact of greenhouse gases on agriculture: For the past 

some decades, the gaseous composition of earth's 

atmosphere is undergoing a significant change, largely 

through increased emissions from energy, industry and 

agriculture sectors; widespread deforestation as well as fast 

changes in land use and land management practices. These 

anthropogenic activities are resulting in an increased 

emission of radiatively active gases, viz. carbon dioxide 

(CO ), methane (CH ) and nitrous oxide (N O), popularly 2 4 2

known as the 'greenhouse gases' (GHGs). These GHGs trap 

the outgoing infrared radiations from the earth's surface and 

thus raise the temperature of the atmosphere. The global 

mean annual temperature at the end of the 20th century, as a 

result of GHG accumulation in the atmosphere, has 

increased by 0.4-0.7ºC above that recorded at the end of the 

19th century (Pathak et al 2012). The agricultural sector is a 

driving force in the GHG emissions and land use effects. The 

three major causes of the increase in GHGs observed over 

the past 250 years have been fossil fuels, land use and 

agriculture. 

Agricultural facilities contribute approximately 20% of 

the annual increase in anthropogenic greenhouse gas 

emissions (IPCC 1996). This sector contributes to global 

warming through carbon dioxide (CO ), methane (CH ) and 2 4

nitrous oxide (N O) gases emissions. The agricultural 2

processes (rice cultivation, enteric fermentation in cattle) 

comprise 54% of methane emissions, 80% of nitrous oxide 

emissions and major percentage of carbon dioxide (Senapati 

et al 2013). The greenhouse gases allow the transmission of 

light reaching the earth, they block the transmission of heat 

(infra-red radiation) trying to escape from the atmosphere, 

thus trapping the heat as in a 'greenhouse.' CH  has the 4

highest global warming potential, which is about 300 times 

the potential of CO  and about 20 times that of N O. The main 2 2

agricultural greenhouse gas emissions come from  nitrogen 

fertilizers, flooded rice fields, soil management, land 

conversion, biomass burning, livestock production, enteric 

fermentation, fossil fuels consumption and associated 

manure management (IPCC 1996). Agricultural soil 

management accounts for about 60 percent of the total 

emissions of nitrous oxide from the agricultural sector. The 

large increase in the use of nitrogenous fertilizer for the 

production of high nitrogen consuming crops has increased 

the emissions of nitrous oxide. Efficient use of nitrogenous 

fertilizer can reduce nitrous oxide emissions. Methane is 

produced by the anaerobic decomposition of manure. Dairy 

cattle and swine contribute about 85 percent of the methane 

emissions. When rice is grown with no oxygen, the soil 

organic matter decomposes under anaerobic conditions and 

produces methane that escapes into the atmosphere. 

Carbon dioxide from fossil fuel consumption is another 

source of GHG. The use of fossil fuels in agricultural 

production also emits green house gases from agriculture 

(Takle and Hofstrand 2008). 

Carbon dioxide: Atmospheric concentrations of carbon 

dioxide have been steadily rising, from approximately 315 

ppm in 1959 to a current atmospheric average of 

approximately 385 ppm (Keeling and Piper 2009). Current 

projections are for concentrations to continue to rise to as 

much as 500-1000 ppm by the year 2100 (IPCC 2007). The 

main sources of carbon dioxide emission are decay of 

organic matter, forest fires, eruption of volcanoes, burning of 

fossil fuels, deforestation and land-use changes. Agriculture 

is also a contributor of CO  emission but is not considered a 2

major source of this important GHG. Within agriculture, soil is 

the main contributor with factors such as soil texture, 

temperature, moisture, pH, and available C and N, 

influencing CO  emission from soil. Emission of CO  is more 2 2

from a tilled soil than from an undisturbed soil (no till). 

Temperature has a marked effect on CO  evolution from soil 2

by influencing root and soil respiration. It may be mentioned 

that plants, oceans and atmospheric reactions are the major 

sinks of carbon dioxide.

While a great deal of media and public attention has 

focused on the effects of increasing CO  concentrations on 2

global climate. Rising CO  concentrations are also likely to 2

have profound direct effects on the growth, physiology, and 

chemistry of plants, independent of any effects on climate 

(Ziska 2008). As photosynthetic organisms, plants take up 

atmospheric CO , chemically reducing the carbon. This 2

represents not only an acquisition of stored chemical energy 

for the plant, but also provides the carbon skeletons for the 

organic molecules that make up a plants' structure. Overall, 

the carbon, hydrogen and oxygen assimilated into organic 

molecules by photosynthesis make up ~96% of the total dry 
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mass of a typical plant (Marschner 1995). Photosynthesis is 

therefore at the heart of the nutritional metabolism of plants, 

and increasing the availability of CO  for photosynthesis can 2

have profound effects on plant growth and many aspects of 

plant physiology. As CO  concentrations increase, plants can 2

maintain high photosynthetic rates with relatively low 

stomatal conductance. Across a variety of FACE 

experiments, growth under elevated CO  decreases stomatal 2

conductance of water by an average of 22% (Ainsworth and 

Rogers 2007). This would be expected to decrease overall 

plant water use. Elevated CO  also leads to changes in the 2

chemical composition of plant tissues. 

Higher concentration of CO  and carbon fertilization 2

(increased availability of the carbon to the crops) increase 

plant photosynthesis and thus crop yields (Rosenzweig and 

Hillel 1998). Enhanced photosynthesis can increase the yield 

of C3 crops such as wheat, rice and soybean, but not of the 

C4 crops such as sugarcane and maize. Moreover, increase 

in the temperature and changes in precipitation pattern have 

potential to affect crop yields (Reilly et al 2001). The results of 

controlled experiments consistently show that higher carbon 

dioxide increases dry matter production, largely by 

stimulating photosynthetic response, decreasing 

transpiration, and thus improving water use efficiency. CO  is 2

also released during the burning of agricultural crop waste, 

for example, during the burning of cereal straw, sugar cane 

stubble and rice straw. In many countries, it is a common 

practice to burn large quantities of crop residue, which results 

killing of insects and other pests as well as disease-causing 

organisms and neutralizes soil acidity. To less extent, CO  is 2

released from the fossil fuels used in agricultural production 

and from livestock production. Nowadays, high-intensity 

animal production has become the biggest consumer of fossil 

energy in modern agriculture.

Methane (CH ): Methane is about 25-times more effective as 4

a heat-trapping gas than CO  (Forster et al 2007). The total 2

annual output of methane into the atmosphere from all 

sources in the world is estimated to be 535 T g/year (Khan et 

al 2009). Although the increase in annual load of methane in 

the atmosphere is much less than that of CO , its higher 2

impaired absorption accounts for major contribution (15-

20%) in global warming. India's total contribution to global 

methane emission from all sources is only 18.5 T g/year 

(Khan et al 2009). The main sources of methane are: 

wetlands, organic decay, termites, natural gas and oil 

extraction, biomass burning, rice cultivation, cattle and 

refuse landfills. The primary sources of methane from 

agriculture include animal digestive processes, rice 

cultivation and manure storage and handling. Methane is the 

most significant greenhouse gas released within the 

agriculture sector. Most of the methane releases come from 

paddy fields (91%) and less significantly from animal 

husbandry (7%) and the burning of agricultural wastes (2%). 

CH  and N O were the primary greenhouse gases emitted by 4 2

agricultural activities (Aydinalp and Cresser 2008).  CH4 

emissions from enteric fermentation and manure 

management represented about 23.6 percent and 8.9 

percent of total CH  emissions from anthropogenic activities, 4

respectively, in 2011. The CO  and methane concentrations 2

have reached from 280 ppm and 0.7 ppm in the pre-industrial 

period to 379 ppm and 1.78 ppm at present, respectively 

(IPCC 2007). The continuously flooded rice fields emit 

methane because anaerobic conditions favour methane 

production. Sinha (1995) estimated that global annual 

methane emission from rice paddies is less than 13Tg/year 

and the contribution of Indian paddies to this is estimated to 

be only 4.2 T g/ year (Bhattacharya and Mitra 1998). Altering 

water management practices, particularly mid-season 

aeration by short-term drainage as well as alternate wetting 

and drying can greatly reduce methane emission from rice 

cultivation (Reddy 2015).

Nitrous oxides: Agriculture is a major contributor of nitrous 

oxide (N O) emissions to the atmosphere, one of the more 2

powerful greenhouse gases. The major sources include 

emissions from soils due to microbial metabolism of nitrogen, 

through the processes of nitrification and denitrification. The 

same processes act on animal wastes, resulting in emissions 

both during storage and when applied to the field. Emissions 

occur both directly on agricultural lands and from nitrogen 

transported to non-agricultural lands, through gaseous and 

leaching/runoff losses from agricultural soils. Nitrous oxides, 

which are present in the atmosphere at a very low 

concentration (310 ppbv), are increasing at a rate of about 

0.25% per year (Kondo 2015). But inspite of its low 

concentration and less rapid rise, N O is becoming important 2

because of longer lifetime (150 years) and greater global 

warming potential than CO  (about 300 times more than CO ) 2 2

reported by Khan et al 2009. Both fertilized and unfertilized 

soils contribute to the release of this gas. Estimates of total 

nitrous oxides released from Indian agriculture are low due to 

generally low native soil fertility of our soils and relatively 

lower amounts of fertilizer used compared to western 

countries. Studies are being conducted in India to precisely 

quantify the magnitude of N O emission from different agro 2

ecosystems (Khan et al 2009). Agricultural soil management 

activities, such as fertilizer application and other cropping 

practices, were the largest source of U.S. N O emissions in 2

2012, accounting for 74.8 percent (EPA 2014). Human and 
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industrial activities are also responsible for the rise in the 

concentration of greenhouse gases in the atmosphere 

(Reddy 2015). 

Anthropogenic sources of N O emissions include fuel 2

combustion, the chemical industry, and agriculture. On a 

global scale it has been estimated that agriculture contributes 

70% of anthropogenic N O emissions (IPCC 1996). Most of 2

the agriculture-based N O emissions come from nitrogen 2

fertilizer usage, legume cropping and animal waste. The 

main agricultural source of emissions globally (90%) is from 

the application of synthetic and organic nitrogenous 

fertilizers to agricultural soils. Emissions of nitrous oxide 

(N O) were measured for two years on soils under pulses 2

(green gram, pigeon pea, chickpea), oilseeds (soybean, 

mustard, groundnut), millets (sorghum, pearl millet), and 

cereals (rice, wheat, maize) to develop emission coefficients. 

The seasonal integrated flux of N O-N ranged from 0.37 to 2

-10.71 kg ha . Emission of N O was higher in case of soils 2

under pulses and oilseeds compared to those of cereals and 

millets (Jain et al 2016). Some N O emissions are also 2

released during biomass burning. Many farmers use nitrogen 

fertilizers on their fields to enhance crop growth. The crop 

takes up most of the nitrogen, but some of them leach into 

surrounding surface and ground waters and some of it enters 

the atmosphere. The nitrogen flux depends on the microbial 

activity in the soil. For example, wet rice absorbs only one-

third of the nitrogen in the fertilizers, while upland crops about 

half. The rest of nitrogen is denitrified and diffused into the 

atmosphere, which is contributing to global warming 

(Aydinalp and Cresser 2008).  

Effect on climate change on crop production, yield and 

quality: Climate influences plant life in many ways and can 

inhibit, stimulate, alter or modify crop performance. Climate 

change will affect agricultural crop production systems in 

multiple ways, and the impacts are expected to be highly 

regionally specific, depending on climatic conditions, soils, 

farming and cropping systems (Olesen and Bindi 2002). The 

developmental rate of annual crops from emergence through 

flowering to maturity determines the timing and duration of 

critical periods for growth, which can cause severe impact on 

the quantity and quality of yield (Porter and Semenov 2005). 

The weather conditions during the crop establishment, 

vegetative growth and grain filling phases of cereal crops 

determine the grain yield potential (Kristensen et al 2011). 

Crop growth, development, water use and yield under normal 

conditions are largely determined by weather during the 

growing season. Even with minor deviations from the normal 

weather, the food production is seriously impaired.  There are 

two major crop growing seasons in India as for climate point 

of view- The summer or 'kharif' (June–September) as well as 

the winter or Rabi (October-November) crop growing 

season. The major 'kharif' crops are rice, maize, sugarcane, 

cotton, jute, groundnut, soybean and bajra etc and the 

important 'rabi' crops are wheat, mustard, barley, potato, 

onion and gram etc. The summer monsoon therefore, is 

responsible for both kharif and rabi crop production in India. 

The interannual monsoon rainfall variability in India leads to 

large-scale droughts and ?oods, resulting in a major effect on 

Indian food grain production (Selvaraju 2003, Kumar et al 

2004) and on the economy of the country (Kumar and Parikh 

2001).

The change in atmospheric concentration caused by the 

anthropogenic Greenhouse Gases (GHG) is observed to 

affect the plant metabolic activity and also the production 

directly. Increase in CO  concentration can lower pH, thereby, 2

directly affecting both nutrient availability and microbial 

activity. The changes in the crop yield depend not only on the 

change in rainfall but also on the changes in CO  2

concentration. While the above two parameters led to 

increase in crop yield, the impact of temperature is generally 

negative in the tropics (Rao et al 2010). Doubling of CO2 

concentration may increase the photosynthetic rates by as 

much as 30-100 per cent in C3 plants such as wheat, rice and 

soybean and will become more water efficient as they quickly 

grow. Some of the important crops are discussed below 

showing the impact of climate variability on their yield, 

productivity and quality (Rao et al 2010).

Wheat: Climate change and its variation have a great impact 

on crop development and productivity. Various components 

viz. temperature, solar radiation, rainfall, relative humidity 

and wind velocity, independently or in combination, can 

influence crop growth and productivity (Watson et al 1996). 

All over the world concerns now exist about the possible 

climate change caused by an increase in the concentration of 

green house gases such as CO , CH  and N O in the 2 4 2

atmosphere (Watson et al 1996). India is considered to be the 

second largest producer of wheat and the national 

productivity of wheat is about 2708 kg/ha. The Northern 

Indian states such as Uttar Pradesh, Punjab, Haryana, 

Uttaranchal and Himachal Pradesh are some of the major 

wheat producing states. Here the impact of climate change 

would be profound, and only a 1°C rise in temperature could 

reduce wheat yield in Uttar Pradesh, Punjab and Haryana. In 

Haryana, night temperatures during February and March in 

2003-04 were recorded 3°C above normal, and 

subsequently wheat production declined from 4106 kg/ha to 

3937 kg/ha in this period (Cooshalle Samuel 2012). An 

assessment of the impact of climate change on wheat 

production states that the country's annual wheat output 

could plunge by 6 million tonnes with every 1°C rise in 
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temperature (Aggarwal and Swaroop Rani 2009). The 

climate change in northern India is likely to have a severely 

detrimental impact on the productivity of wheat, the prime 

crop in Punjab, which is likely to go down by over 8% by 2035 

(Yadav 2012). 

Mall and Singh (2000) observed that small changes in 

the growing season temperature over the years appeared to 

be the key aspect of weather affecting yearly wheat yield 

?uctuations. Pathak et al (2003) concluded that the negative 

trends in solar radiation and an increase in minimum 

temperature, resulting in declining trends of potential yields 

of rice and wheat in the Indo-Gangetic plains of India. Rao 

and Sinha (1994) studied the impact of climate change on 

wheat performance of India and showed that wheat yields 

decreased due to the adverse effects of temperature during 

grain ?lling and maturity stages of the growth. The results of 

this study indicate that crop characteristics such as sensitivity 

of grain ?lling duration to temperature, play a major role in 

determining the effects of climate change on crop 

productivity. Hundal and Kaur (2007) examined the climate 

change impact on productivity of wheat using CERES-wheat 

concluded that, if all other climate variables were to remain 
?constant, temperature increase of 1, 2 and 3 C from present 

day condition, would reduce the grain yield of wheat by 8.1, 

18.7 and 25.7%. The wheat yields in India are sensitive to the 

number of days of exposure to extreme temperatures (above 

34°C) and exposure to extreme temperature could have a 

greater impact on yield (through decrease in the growing 

season length, expressed in terms of growing degree days 

and extreme degree days) than precipitation in the growing 

season (Lobell et al 2012). This suggests that with future 

climate change, rabi wheat production would be particularly 

sensitive to increasing temperatures.

In India, the growing season for wheat is limited by high 

temperatures at sowing and during maturation. As wheat is 

grown over a wide range of latitudes, it is frequently exposed 

to temperatures above the threshold for heat stress. The rain-

fed wheat depends on soil moisture remaining after the 

monsoon rains recede in September. High maximum and 

minimum temperatures in September (about 34/20°C), which 

adversely affect seedling establishment, accelerate early 

vegetative development, reduce canopy cover, tillering, 

spike size and yield. Hence, sowing is typically delayed until 

after mid-October when seedbeds have cooled, though 

much of the residual soil moisture may be lost. High 

temperatures in the second half of February (25/10°C), 

March (30/13°C) and April (30/20°C) reduce the numbers of 

viable florets and the grain-filling duration (Kumar and Singh 

2014). High temperature stress particularly reduces yield of 

wheat sown in December/January which is necessitated in 

some regions because of the multiple cropping system. This 

reduction in productivity under changed climate unless 

accompanied with suitable research and policy interventions 

may reduce wheat production options in central India 

(Aggarwal 2000). 

The wheat quality characteristics are usually influenced 

by genotype, environmental factors, and interactions 

between genotype and environment. Adverse environmental 

conditions such as extreme temperature and drought during 

the anthesis and grain filling period have been identified as 

major constraints to wheat protein content and composition 

(Triboï et al 2003, Jiang et al 2009). Lal et al (1998) also 

reported that 1° rise in temperature leads to a reduction of 

about 5 days in the flowering time of the wheat, affects the 

time period of wheat flowering and reduces the time of grain 

filling and as a result wheat yield in India. Different thermal 

conditions prevailing during the grain filling period under 

different sowing time generated a large effect on the amount 

of total soluble proteins. Late sown conditions offered higher 

protein content accompanied by increased albumin-globulin 

but decreased glutenin content. Iron content was increased 

to 20–23%; however, tannin decreased to 18–35% under 

early sown rain-fed conditions as compared to irrigated 

timely sown conditions in both the genotypes. Activity of 

trypsin inhibitor was decreased under rainfed conditions in 

both genotypes (Singh et al 2012).

Rice: More detailed analysis of rice yields by the 

International Rice Research Institute forecast 20% reduction 

in yields over the region per degree Celsius of temperature 

rise. Rice becomes sterile if exposed to temperatures above 

35 degrees for more than one hour during flowering and 

consequently produces no grain. The rising temperatures will 

adversely affect the world's food production and India would 

be the hardest hit, according to the analysis by the Universal 

Ecological Fund (FEU-US). The crop yield in India, the 

second largest world producer of rice and wheat, would fall 

up to 30 percent by the end of this decade (Senapati et al 

2013). The rise in atmospheric temperature causes 

detrimental effects on growth, yield, and quality of the rice 

crop by affecting its phenology, physiology, and yield 

components (Singh 2001, Sheehy et al 2005, Peng et al 

2004). The impact of increased temperature has an 

accumulative effect on the later phases of plant 

development; changes in the vegetative and ripening phase 

will alter the grain-filling phase and thus, the grain quality of 

the rice. Research conducted by Indian Agricultural 

Research Institute (IARI) has shown that the grain yield of 

rice is not impacted by a temperature increase less than 1°C. 

However from an increase of 1-4°C the grain yield reduced 

on average by 10% for each degree the temperature 
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increased (Singh et al 2009). Studies on the impact of night 

time temperature rise on rice yields indicates that the warmer 

nights have an extensive impact on the yield of rice. Every 

1°C increase in night time temperature led to a 10 percent 

reduction in yield (Gayathri 2012). Thus, higher temperatures 

accompanying climate change will impact world rice 

production creating the possibility of a shortfall. 

Rainfall pattern is a very important limiting factor for rain-

fed rice production. Higher variability in distribution and a 

likely decrease in precipitation will adversely impact rice 

production and complete crop failure is possible if severe 

drought takes place during the reproductive stages. In upland 

fields, if the rice crop receives up to 200 mm of precipitation in 

1 day and then receives no rainfall for the next 20 days, the 

moisture stress will severely damage final yields (Nguyen 

2012). Assessments predict a decrease in the rice production 

in tropical regions, but an increase of rice production outside 

tropical regions (Ranuzzi and Srivastava 2012). This shift is 

of particular concern to India because lower rice production 

will immediately create a hunger situation on a large scale. 

The quality of rice is also susceptible to climate change. The 

amylose content of the rice grain, a major determinant of 

cooking quality is increased under elevated CO . Cooked rice 2

grain from plants grown in high CO  environments would be 2

firmer than that from today's plants. However, concentration 

of iron and zinc which are important for human nutrition would 

be lower. The protein content of the grain decreases under 

combined increase of temperature and CO  (Ziska et al 2

1997).

The eastern region of India has diverse physiographic 

and agro-climatic land which supports genetic resources. 

According to a study done by the Indian Agriculture Research 

Institute, the impact of climate change with increased 

temperature and decreased radiation will lead to decrease 

productivity in rice in the North Eastern region (IARI 2012). 

Rathore et al (2001) used CERES-rice model and analyzed 

the impact of climate change on rice production in India. They 
stconcluded that by the middle of the 21  century in Central and 

South India, an increase in rice yield is possible under the 

projected climate change scenarios by Lal et al (1995). In 

North West India a decrease in yield under irrigated 

conditions may take place as a result of the signi?cant 

decrease in rainfall during the monsoon season under 

climate change. Also, reduction in crop duration may occur at 

all locations in the country due to increase in temperature 

associated with the build up of greenhouse gases in the 

atmosphere. 

Maize: Maize (Zea mays L.) is the third most important cereal 

crop in India and has a major role to play in food security 

especially in mountain and desert regions. Maize production 

in arid and semi arid tropical regions is particularly sensitive 

to weather conditions, especially rainfall. Therefore, variation 

in the rainfall as well as maximum and minimum temperature 

during the south-west and north-east monsoon period will 

negatively impact maize crops. In Tamil Nadu, assessments 

indicate a reduction in yield by 3.0, 9.3, and 18.3%, in 2020, 

2050 and 2080 from current yields (Geethalakshmi et al 

2009). In terms of maize production, two important shifts are 

predicted to occur. First, maize yield during the monsoon 

season is expected to decrease as a consequence of 

increase in temperature; though this can be partly offset by 

increase in rainfall. Secondly, maize yield during the winter 

season can decrease in the mid Indo-Gangetic Plains and 

Southern Plateau as a consequence of increased 

temperature. On the other hand, in the Upper Indo-Gangetic 

Plain characterized by low winter temperature, the maize 

yield can increase up to a 2.7°C rise in temperature (Byjesh et 

al 2010). High temperatures plays a greater role in affecting 

maize yield as compared to rainfall, which may not have a 

major impact on winter yields as the crops in the Gangetic 

belt are well irrigated. Maize yield during monsoon could be 

reduced by up to 35% in most of the Southern Plateau 

regions and up to 55% in Mid Indo-Gangetic Plains, whereas 

the Upper Indo-Gangetic Plain is expected to be relatively 

unaffected (Byjesh et al 2010).

Fruits and vegetables: Each crop has a 'coping range', the 

temperature range from minimum to maximum within which a 

crop will survive. Hazelnuts require 1200 hours of chilling at 5 

to 7°C. If they experience < -5°C at flowering, the crop will be 

damaged. Similarly, citrus fruits suffer a production loss when 
otemperatures over 37 C are experienced (Fairweather and 

Cowie 2007). In pepper, high temperature exposure at the 

pre-anthesis stage did not affect pistil or stamen viability, but 

high post-pollination temperatures inhibited fruit set, 

suggesting that fertilization is sensitive to high temperature 

stress (Erickson and Markhart 2002).  Hazra et al (2007) 

summarized the symptoms causing fruit set failure at high 

temperatures in tomato which includes bud drop, abnormal 

flower development, poor pollen production, dehiscence, 

and viability, ovule abortion and poor viability, reduced 

carbohydrate availability, and other reproductive 

abnormalities. In addition, significant inhibition of 

photosynthesis occurs at temperatures above optimum, 

resulting in considerable loss of potential productivity (Varu 

2017).

Nutritional quality of fruits and vegetables depends on 

genetic and environmental factors. Soil factors, temperature, 

light and CO  are the major factors which determine the 2

quality of horticulture produce. Most of the health-benefiting 

nutrients including vitamins, minerals and antioxidants are 
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supplied through fruits and vegetables. However, the 

changed climate has affected the quality of many fruits and 

vegetables. Elevated CO  has improved the vitamin C, 2

sugars, acids and carotenoids in oranges, tomatoes and 

strawberries. Positive effect of CO  was also observed on 2

total antioxidant capacity, phenols and anthocyanins in fruits 

and oil palm. However, elevated CO  may decrease the 2

protein and mineral content of the produce (Shivashankra et 

al 2013). High-temperature stress is known to decrease 

vitamin C, starch, sugars and many antioxidants especially 

anthocyanins and volatile flavour compounds in fruits. Deficit 

irrigation increases sugars, anthocyanins and even volatiles 

in strawberries and tomatoes. However, severe stress 

decreases the quality of fruits and vegetables. A higher 

temperature coupled with water stress is going to definitely 

reduce the fruit and vegetable quality in terms of vitamins, 

antioxidants and minerals (Moretti et al 2010).

Mitigation and adaptation strategies: Mitigation and 

adaptation are the two strategies for addressing climate 

change. Mitigation is an intervention to reduce the emissions 

sources or enhance the sinks of greenhouse gases. 

Adaptation is an 'adjustment in natural or human systems in 

response to actual or expected climatic stimuli or their 

effects, which moderates harm or exploits beneficial 

opportunities'. Climate change mitigation measures need to 

be put in place urgently in all the sectors in order to reduce the 

impacts of climate change. The agriculture sector 

substantially contributes to greenhouse-gas emissions 

worldwide and therefore offers a significant potential for 

mitigation. The identification of suitable response strategies 

is the key to sustainable agriculture. The important mitigation 

and adaptation strategies required to cope with anticipated 

climate change impacts include adjustment in sowing dates, 

breeding of plants that are more resilient to variability of 

climate, and improvement in agronomic practices (Attri and 

Rathore 2003).

Mitigation strategies to climate change: Following are the 

mitigating strategies to reduce GHG emissions: 

Crop land management: Because often intensively 

managed, croplands offer many opportunities to impose 

practices that reduce net GHG emissions. Improved 

agronomic practices that increase yields and generate higher 

inputs of carbon residue can lead to increased soil carbon 

storage (Follett 2001). Examples of such practices include: 

using improved crop varieties; extending crop rotations, 

notably those with perennial crops that allocate more carbon 

below ground; and avoiding or reducing use of bare 

(unplanted) fallow (West and Post 2002, Smith 2004a b, Lal 

2003 2004a, Freibauer et al 2004). Improving N use 

efficiency practices like using slow- or controlled-release 

fertilizer forms or nitrification inhibitors (which slow the 

microbial processes leading to N O formation can reduce 2

N O emissions) and indirectly reduce GHG emissions from N 2

fertilizer manufacture (Schlesinger 1999). Using more 

effective irrigation measures can enhance carbon storage in 

soils through enhanced yields and residue returns (Follett 

2001, Lal 2004a).

Cultivated wetland rice soils emit significant quantities of 

methane (Yan et al 2003). Draining wetland rice once or 

several times during the growing season reduces CH  4

emissions (Smith and Conen 2004, Khalil and Shearer 

2006). Methane emissions can be reduced by improved 

water management, especially by keeping the soil as dry as 

possible and avoiding water logging (Xu et al 2000, Cai and 

Xu 2004). One of the most effective methods of reducing 

emissions is often to allow or encourage the reversion of 

cropland to another land cover, typically one similar to the 

native vegetation. The conversion can occur over the entire 

land area ('set-asides'), or in localized spots, such as grassed 

waterways, field margins, or shelterbelts (Follett 2001, 

Freibauer et al 2004, Falloon et al 2004, Ogle et al 2003). 

Such land cover change often increases carbon storage. 

Planting trees can also reduce emissions.

Grazing land management and pasture improvement: 

Grazing lands occupy much larger areas than croplands 

(FAOSTAT 2007) and are usually managed less intensively. 

The intensity and timing of grazing can influence the removal, 

growth, carbon allocation, and flora of grasslands, thereby 

affecting the amount of carbon accrual in soils (Conant and 

Paustian 2002, Freibauer et al 2004, Reeder et al 2004, 

Conant et al 2005). As for croplands, carbon storage in 

grazing lands can be improved by alleviating nutrient 

deficiencies by fertilizer or organic amendments (Schnabel et 

al 2001, Conant et al 2005). Introducing grass species with 

higher productivity, or carbon allocation to deeper roots, has 

been shown to increase soil carbon.

Management of organic/peaty soils: Organic or peaty soils 

contain high densities of carbon accumulated over many 

centuries because decomposition is suppressed by absence 

of oxygen under flooded conditions. Emissions from drained 

organic soils can be reduced to some extent by practices 

such as avoiding row crops and tubers, avoiding deep 

ploughing, and maintaining a shallower water table. But the 

most important mitigation practice is avoiding the drainage of 

these soils in the first place or re-establishing a high water 

table (Freibauer et al 2004).

Livestock management: Improved management of 

livestock population and its diet could also assist in mitigation 

of GHGs. The livestock production system contributes to 

global climate change directly through the production of GHG 
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emissions. There are three main sources of GHG emissions 

in the livestock production system: the enteric fermentation of 

animals, manure (waste products) and production of feed 

and forage (field use) (Dourmad et al 2008). According to 

“Livestock's Long Shadow” (FAO 2007a) livestock is 

responsible for 18 per cent of global warming. Livestock 

contributes 9 per cent of all GHG emissions measured in CO  2

equivalents, 65 per cent of human-induced nitrous oxide 

(which has 296 times the global warming potential of CO ), 2

and 20 per cent of methane (which has 23 times the global 

warming potential of CO ). Livestock, predominantly 2

ruminants such as cattle and sheep, are important sources of 

CH , accounting for about one-third of global anthropogenic 4

emissions of this gas (US-EPA 2006). Mitigation of GHG 

emissions in the livestock sector can be achieved through 

various activities, including: different animal feeding 

management (feeding more concentrates, normally 

replacing forages), manure management (collection, 

storage, spreading), management of feed crop production.

Adaptation strategies to climate change: To deal with the 

impact of climate change, the potential adaptation strategies 

are: developing cultivars tolerant to heat and salinity stress 

and resistant to flood and drought, modifying crop 

management practices, improving water management, 

adopting new farm techniques such as resource conserving 

technologies (RCTs), crop diversification, improving pest 

management, better weather forecasting and crop insurance 

and harnessing the indigenous technical knowledge of 

farmers. Some of these strategies are discussed below.

Developing climate-ready crops: Development of new 

crop varieties with higher yield potential and resistance to 

multiple stresses (drought, flood, salinity) will be the key to 

maintain yield stability. Improvement in germplasm of 

important crops for heat-stress tolerance should be one of 

the targets of breeding programme. Similarly, it is essential to 

develop tolerance to multiple abiotic stresses as they occur in 

nature. Farmers need to be provided with cultivars with a 

broad genetic base. Their adaptation process could be 

strengthened with availability of new varieties having 

tolerance to drought, heat and salinity and thus, minimize the 

risks of climatic aberrations. Similarly, development of 

varieties is required to offset the emerging problems of 

shortening of growing season and other vagaries of 

production environment. Farmers could better stabilize their 

production system with basket of technological options 

(Pathak et al 2011).

Crop diversification: Diversification of crop and livestock 

varieties, including replacement of plant types, cultivars, 

hybrids, and animal breeds with new varieties intended for 

higher drought or heat tolerance, is being advocated as 

having the potential to increase productivity in the face of 

temperature and moisture stresses (Aggarwal et al 2009a). 

Diversity in the seed genetic structure and composition has 

been recognized as an effective defense against disease and 

pest outbreak and climatic hazards. Diversification from rice-

wheat towards high-value commodities will increase income 

and result in reduced water and fertilizer use.

Changes in land-use management practices: Changing 

land-use practices such as the location of crop and livestock 

production, rotating or shifting production between crops and 

livestock, altering the intensity of fertilizer and pesticide 

application as well as capital and labour inputs can help 

reduce risks from climate change in farm production (IPCC 

2007). Adjusting the cropping sequence, including changing 

the timing of sowing, planting, spraying, and harvesting, to 

take advantage of the changing duration of growing seasons 

and associated heat and moisture levels is another option. 

Altering the time at which fields are sowed or planted can also 

help farmers regulate the length of the growing season to 

better suit the changed environment. 

Adjusting cropping season: Adaptation measures to 

reduce the negative effects of increased climatic variability as 

normally experienced in arid and semi-arid tropics may 

include changing of the cropping calendar to take advantage 

of the wet period and to avoid extreme weather events (e.g., 

typhoons and storms) during the growing season (Pathak 

2010). Cropping systems may have to be changed to include 

growing of suitable cultivars (to counteract compression of 

crop development), increasing crop intensities (i.e., the 

number of successive crop produced per unit area per year) 

or planting different types of crops.

Efficient use of resources: The conservation of resources 

(land, water, energy) saves cost of water, energy and 

protects environment while leading to improved productivity 

on sustainable basis. Targeting the resource conserving 

technologies offers newer opportunities of better livelihood 

for the resource poor small and marginal farmers. Yields of 

wheat in heat- and water-stressed environments can be 

raised significantly by adopting RCTs, which minimize 

unfavourable environmental impacts, especially in small and 

medium-scale farms. Resource conserving practices like 

zero-tillage (ZT) can allow farmers to sow wheat sooner after 

rice harvest, so the crop heads and fills the grain before the 

onset of premonsoon hot weather. As the average 

temperatures in the region rise, early sowing will become 

even more important for wheat. The RCTs in rice-wheat 

system also have pronounced effects on mitigation of 

greenhouse gas emission and adaptation to climate change 

(Pathak et al 2011). These approaches of crop management 

should be coupled with the measures of crop improvement 
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for wider adaptation to climate change.  Soil and water 

management is highly critical for adaptation to climate 

change. Serious attempts towards water conservation, water 

harvesting improvement in irrigation accessibility, and water-

use efficiency will become essential for crop production and 

livelihood management. Farmers have to be trained and 

motivated for adopting on-farm water conservation 

techniques, micro-irrigation systems for better water-use 

efficiency, selection of appropriate crops etc.

Relocation of crops in alternative areas: Climate change 

in terms of increased temperature, CO  level, droughts and 2

floods would affect production of crops. But, the impact will be 

different across crops and regions. There is a need to identify 

the crops and regions that are more sensitive to climate 

changes/variability and relocate them in more suitable areas. 

For example, it is apprehended that increased temperature 

would affect the quality of crops, particularly important 

aromatic crops such as basmati rice and tea (Wassmann and 

Pathak 2007). Alternative areas that would become suitable 

for such crops from quality point of view need to be identified 

and assessed for their suitability.

Improved pest management: Changes in temperature and 

variability in rainfall would affect incidence of pests and 

disease and virulence of major crops. Some of the potential 

adaptation strategies could be: (i) developing cultivars 

resistance to pests and diseases; (ii) adoption of integrated 

pest management with more emphasis on biological control 

and changes in cultural practices, (iii) pest forecasting using 

recent tools such as simulation modelling, and (iv) 

developing alternative production techniques and crops, as 

well as locations, that are resistant to infestations and other 

risks. Management of pests and diseases with use of 

resistant varieties and breeds; alternative natural pesticides; 

bacterial and viral pesticides; pheromones for disrupting pest 

reproduction, etc. could be adopted for sustainability of 

agricultural production process (Aggarwal et al 2009b). 

Reduction in use of pesticides will also help in reducing 

carbon emissions.

CONCLUSIONS

At this juncture, based on the different reports it can be 

concluded that the agricultural impacts of climate change in 

India are uncertain. Indian agriculture is fundamentally 

dependent on weather for higher productivity. There are 

several phenomena related to climate change including 

variation in temperature, relative humidity, extremity of 

weather conditions etc. All over the world concerns also exist 

on the possible climate change caused by an increase in the 

concentration of green house gases such as CO  and N O in 2 2

the atmosphere. Therefore, we need right kind of 

technologies and policies to strengthen the capacity of 

communities to cope effectively with both climatic variability 

and changes. This review summarizes to the understanding 

of the impact of climate change on agriculture and produces a 

listing of adaptation and mitigation strategies to make 

agriculture sustainable on the face of global warming and 

improve livelihoods of farmers. Therefore, given the potential 

adverse impacts on agriculture that could bring about by 

climate change, it is worthwhile to conduct more in-depth 

studies and analyses to gauge the extent of problems that the 

country may face in future.
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    Ecological and Taxonomical Study of Epipelion 
Community in Diyala River in Diyala Province- Iraq

Indian Journal of Ecology (2018) 45(4): 680-688

Abstract: Fresh water systems monitoring is the most important issues in Iraq, while it suffers from water shortage and quality altering. The 

Diyala river is the major tributary of the Tigris river within Diyala Province-Iraq. The  physicochemical properties and epipelion  community 

were studied in Diyala River over four seasons. These physicochemical parameters include temperature, light penetration, water flow, electric 

conductivity (water and sediment), salinity, total dissolved solids, pH(water and sediment), dissolved oxygen, biological oxygen demand, total 

organic carbon, total nitrogen, total phosphours, and reactive silicate. While the biological parameters were chlorophyll a, phaeophytin a, total 

number and classification of algae. A total of 182 taxa of epipelion algae was identified. Diatoms were the dominant group of 104 taxa followed 

by Cyanophyceae (48 taxa), Chlorophyaceae (21 taxa), Euglenophyceae (7 taxa) and Dinophyceae (2 taxa). The higher number of total algae 
3 2 3 2 3 2was recorded in the upper reach site (493.96x10 /cm ) while (420.89x10 /cm ) at the middle reach site and (453.45x10 /cm ) in the lower each 

2 2site. The concentration of chlorophyll-a is ranged from 2.0 mg/dm  to 8.4mg/dm . This study concluded that the water quality of Diyala river was 

changed and suffered from pollution in terms of Epipelion community.

Keywords:  Algae, Bentic algae, Epipelion, Environmental Factors, Freshwater 

Manuscript Number: 2743
NAAS Rating: 4.96

1*
Khazal Dh. Wadi Al-Jibouri, Fikrat M. Hassan  and Athmar A. Hakman

Department of Biology, Faculty of Science, University of Diyala, Diyala Province
1Department of Biology, College of Science for Women, University of Baghdad, Iraq.

*E-mail: fikrat@csw.uobaghdad.edu.iq,

The Iraqi rivers are suffering from the water shortage and 

water quality altering  (Hassan et al 2018). The biomonitring 

of the rivers was important to supply any information on the 

environment degradation (Markert et al 2003). Hussein 

(2010) revealed that the reduction of water coming in the 

upstream of the Diyala river at Derbendikhan dam was 35%, 

during two decades. Hassan et al (2018) reported that the 

Diyala river water quality was poor to marginal for the 

protection of aquatic life.   

Epipelion community was used as bioindicators in many 

aquatic ecosystems (Whitton 2012, Whorley and Francoeur 

2013) which is affected by different physical and chemical 

factors, and any alterination in these factors will affect 

Epipelion (Bere and Tundisi 2011).  Some authors revealed 

that the water pollution is lead to change of algal diversity and 

water quality (Solak and Ace 2011, Kadhim et al 2013, 

Hassan et al 2014). Saburova and Polikarpov (2003) 

observed that the existence of algae at different depths of 

sediment depends on different factors such as temperature 

and radiation intensity which also effect on the migration 

rhythm. Another study revealed that the electrical 

conductivity and ionic composition were related to the 

distribution of Epipelion community (Potapova and Charles 

2013).   

    Many studies showed the dominance of diatoms in 

epipelion community, these groups of algae were sensitive to 

the environmental factors alterations (Salman et al 2013, 

Salman et al 2018).

Studies on Epipelion community in the Tigris river 

reported that the community is dominated by diatoms 

(Hassan and Abdulameer 2014, Al-Hassany and Hind 2016, 

Ali et al 2018). Hadi et al (2009) reported 722 algal taxa in 

their algal check list in Diyala river, all the identified algae in 

this check are belong to only phytoplankton, while, there are 

no references to any studies on Epipelion community in this 

river. This work is aimed to fill the gap of information on 

Epipelion community in Diyala River, which considered the 

major tributaries of Tigris river in Iraq.

MATERIAL AND METHODS

Study area: The Diyala river is one of  the major Tigris river 

tributaries, its source come from the Zagros mountains of 

Iran and descends into Iraqi territory through the Hemern 

mountains, then feeds the Tigris river in the southern 

Baghdad city. Its total length 445km (with 386Km inside Iraqi 

territory) and characterized by different degrees of 

meandering during its course (Al-Qayim 2006, Hussein 

2010). The study area is laid in arid to semi arid climate (CSO  

2012-2013) the average  annual rainfall at its source is 

140mm (West Iran) where the average within Diyala 

Province is reduced and reached to 104.1 mm (Mohammed 

and Hadi 2012). Al- Qayim (2006) divided the Diyala river 



catchment into three parts Upper reaches (is referred as the 

letter A in the figure 1), middle part (B) and lower reaches (C). 

Three sites were selected according to the division of the 

river catchment (Table 1) 

Sampling

Physicochemical parameters: Monthly samples were 

collected from the study sites from October 2016 to July 2017 

and the results presented seasonally. The physicochemical 

variables were measured according to APHA (2005) while, 

total organic carbon was followed after method of Gaudette 

 Salman et al (2017).  

Biological analysis: The algal samples were collected from 
2the sediment with 1-5 cm depth and 50 cm  surface area by 

spatula after removing the upper surface of the sediment and 

kept in the icebox until delvered to a laboratory (Bere and 

Tundisi 2011). The sediment sample kept away of light and 

left a while for 5 hours, then was mixed vigorously. A 40 g from 

each sample was spread out on a petri dish carefully, then 

covered by lens tissue paper and left away from light at over 

night. The lens paper was taken off and transferred into glass 

viale, a group of these viales were covered with aluminum foil 

to save them from light, then were stored in the refrigerator 

until the process of extracting chlorophyll a by acetone (90%) 

was completed according to Vollenweider (Salman et al 

2017). Identification of non algae is carried out by Olympus 

microscope after separating the algae from lens paper by 

vigorous shaking then were  preserved by adding a Lugol's 

solution and mixed through shaking Sides made up by 

placing a small drop on a microscope slide then coverslip was 

used and left a while before the examination.  For diatoms  

and coworkers as reported by
permanent slides were prepared according to Eaton and 

Moss method (Salman et al 2017). The diatom cells were 

calculated by light microscope using an oily compound lens 

100X as in the Microtransect method (Hötzel and Croome 

1999). The references that used  to identify algae were: 

Çelekla  et al 2007, Wehr and Sheath 2002, Bellinger and 

Sigee 2010, Hassan et al 2012, and Al-Hassany and Hassan 

2014.The chlorophyll-a and Phaeophytin-a were measured 

according to Eaton and Moss (Salman et al 2017). 

Statistical analysis: Least significant difference (LSD) and 

correlation coefficients were applied for data analysis by 

using Statistical Analysis System (SAS).

RESULTS AND DISCUSSION 
ºAir and water temperatures showed low value 13 C and 

º11 C (in spring and winter, respectively),  and high value  for 

both in the summer. These results agreed with the hot desert 

climate in the study area  (Hassan et al 2017b).  The river is 

alkaline and the pH  is ranged from 7.6 to 8.4 which indicated 

higher buffer capacity,  and this is well known for the Iraqi 

Fig. 1. Map of the Al-Shamiyah River and the locations of the sampling sites.

Sites Longitude 
(eastwards)

Latitudes 
(northward)

Basin area 
2(km ) 

Hussein

Description

1 44° 43'  17“ 33°55'07“ 3910 Agriculture area

2 44° 37' 53“ 33°44' 44" 8850 Domestic area

3 44° 35'  01“ 33°32' 58" 1440 Agriculture and 
domestic area

Table 1. Coordinates of the sampling sites (Hassan et al  
2017a)
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Parameters Sites Atumn 2016 Winter 2017 Spring 2017 Summer 2017 LSD

Air temperature  ºC 1 24.2±1.55 13±0.74 13±1.03 37±2.63 5.82*

2 27.8±1.48 16±0.62 22.5±1.17 40.2±2.84 4.06*

3 25.4±1.29 18±0.96 25±1.46 42±2.57 5.33*

Water temperature  ºC 1 23±1.39 11±0.61 14±0.72 26.4±1.66 5.21*

2 25±1.41 13.3±0.52 16±0.82 28.9±0.07 5.48*

3 20.4±1.26 12.4±60 17±0.67 27.9±1.94 6.59*

Light peneration cm 1 72.2±3.62 96±5.73 90±5.06 78±3.93 7.83*

2 81±3.89 103±7.02 83±4.37 66±3.81 11.59*

3 67±3.73 78±3.17 74±3.92 57±2.58 8.02*

Water flow m/sec 1 0.15±0.06 0.2±0.08 0.12±0.06 0.3±0.09 0.081*

2 0.2±0.07 0.23±0.09 0.09±0.01 0.27±0.07 0.084*

3 0.19±0.08 0.2±0.08 0.17±0.05 0.31±0.08 0.092*

Electric conductivity µs/cm 1 1392±164.58 1110±98.42 1476±163.79 1629±109.72 215.93*

2 1258.85±158.74 1035±114.92 1365±128.07 2510.3±174.87 362.77*

3 1297.35±131.92 1052±96.47 1931±89.22 2728.8±183.79 294.27*

Salinity ‰ 1 0.7±0.04 0.6±0.05 0.84±0.05 0.90±0.07 0.451NS

2 0.69±0.03 0.56±0.02 0.77±0.05 1.5±0.03 0.723*

3 0.72±0.04 0.57±0.02 1.12±0.02 1.6±0.05 0.705*
-lTotal dissolved solids mg 1 440.3± 25.62 717± 38.94 896± 39.21 1013± 63.82 241.07*

2 519.3± 27.45 661.2± 42.53 773.5± 52.93 1152± 37.55 215.56*

3 559.2± 26.82 690± 41.78 814± 29.53 1376± 62.71 197.33*

pH water 1 8.2± 0.72 8.4± 0.68 7.6± 0.52 8.2± 0.66 0.662*

2 8.2± 0.58 8.0± 0.62 7.8± 0.68 7.9± 0.37 0.696 NS

3 8.0± 0.61 7.8± 0.55 8.0± 0.79 7.6± 0.41 0.703NS
-lDissolved oxygen mg 1 8.2± 0.56 9.3± 0.72 8± 0.42 6.6± 0.37 0.567*

2 6.2± 0.32 9± 0.52 9.6± 0.62 4.2± 0.35 0.407*

3 7.5± 0.37 8.5± 0.48 10.4± 0.71 5.8± 024 0.553NS
-lBiological oxgyen demand mg 1 1.8± 0.04 0.8± 0.02 1.25± 0.02 0.9± 0.05 2.17*

2 1.5± 0.02 1.7± 0.04 1.8± 0.03 1.2± 0.02 3.05*

3 1.2± 0.02 1.3± 0.04 0.72± 0.02 1.2± 0.02 3.47*

Total organic carbon % 1 3.23± 0.06 4.7± 0.09 3.5± 0.05 3.9± 0.06 1.78NS

2 1.96± 0.02 2.5± 0.05 2.7± 0.03 2.3± 0.03 1.54NS

3 2.25± 0.05 3.3± 0.02 3.9± 0.03 1.3± 0.02 2.08*

pH sedement 1 8.2± 0.62 8.1± 0.57 7.9± 0.52 8.2± 0.61 0.609NS

2 7.9± 0.54 7.8± 0.6 8.3± 0.63 8± 0.52 0.598NS

3 8.1± 0.49 7.2± 0.46 7.7± 0.51 7.9± 0.49 0.772*
-1EC sedement µs cm 1 2054±147.2 2340.7±155.9 2323.5±217.3 2329.3±168.5 541.87NS

2 1089±137.8 2653.3±194.3 1561±117.8 3007±252.8 671.69*

3 1290.5±109.3 2459.7±187.4 2652±207.3 2477±182.5 608.74*

Total nitrogen µg/l 1 18.4± 0.79 19.7± 1.04 18± 0.76 26.6± 1.33 4.62*

2 17.6± 0.88 17.2± 0.82 21.75± 0.98 22.8± 1.05 4.09*

3 19.1± 1.02 18.7± 0.73 23.4± 1.27 23.5± 1.42 3.98*
-lTotal phosphousr µg  1 0.02±0.004 0.033±0.001 0.018±0.003 0.007±0.001 0.016*

2 0.019±0.002 0.036±0.003 0.023±0.004 0.023±0.004 0.014*

3 0.023±0.003 0.031±0.004 0.022±0.003 0.02±0.01 0.017NS
-lReactive silicate µg  1 14.1±0.52 37.3±1.54 29.8±0.42 11.9±2.49 8.96*

2 13±0.35 19.7±0.91 21.5±0.29 10.5±0.84 7.32*

3 18.5±0.84 26.5±1.94 32.3±0.35 8.9±1.35 8.52*

Table 2. Physicochemical and biological parameters in the Diyala river (Mean ± Standard Deviation)
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Parameters Sites Atumn 2016 Winter 2017 Spring 2017 Summer 2017 LSD

Chlorophyll a 1 2.6±0.05 0.2±0.03 8.4±0.32 2.2±0.07 2.966*

2 1.6±0.04 2.5±0.02 4.3±0.05 1.6±0.01 2.057*

3 0.8±0.02 1.8±0.02 6.2±0.25 2±0.02 3.185*

Pheaophytin a 1 0.61±0.03 0.62±0.03 0.8±0.05 3.7±0.02 1.503*

2 0.35±0.02 1.6±0.02 1.8±0.01 2.33±0.03 1.769*

3 1.4±0.02 0.5±0.04 0.32±0.02 3.2±0.03 1.718*

Total number of algae cells 
x103/ cm2 

1 41.9±2.52 117.61±7.06 127.89±7.35 215.44±11.46 32.71*

2 41.25±2.56 111.16±7.32 115.48±7.09 171.39±9.24 40.66*

3 48.55±4.71 98.33±4.86 104.64±6.25 182.18±9.51 39.58*

Table 2. Continuum

Taxa Site 1 Site 2 Site 3

Genera Species Genera Species Genera Species

Cyanophyta 19 38 10 25 15 34

Chlorophyta 7 15 10 15 10 17

Pyrrhophyta 1 1 0 0 1 1

Euglenophyta 6 8 4 5 6 7

Bcillariophyta

Centrales 4 5 3 3 6 7

Pennales 35 62 36 69 38 74

Total 72 129 63 117 76 140

Table 3. Total number of species and genera for recording 
Epipelion algae in Diyala river at each sites during 
the study periods

water ecosystems (Abbas and Hassan 2018). The water flow 

ranged was 0. to 0.31m/sec.  The lowest value of light 

penetration (LP) was 57 at site 3 in summer 2017 and the 

higher value was 103cm at site 2 in winter 2017.  The lowest 

value of electrical conductivity (EC) and salinity (S‰) were 

1035 µs/cm and 0.56‰, while the highest values were 

2728.8µs/cm and 1.6‰. Both  water flow and light 

penetration value variation affected mainly by water level of 

the river (Ayoade et al 2009, Salman et al 2013).  The water 

flow in the river has been subjected  to Hemern dam  control 

as other many global rivers (Tang et al 2013). The 

conductivity and salinity values were indicated that the river is 

considered as oligohaline (Montagna et al 2013). The 

increase in EC and salinity in water system  affects 

agriculture and industrial activities (VenKatesharaju et al 

2010) (Table 2). The dissolved oxygen (DO) was not 

recorded less than 4 mg/l during all study periods. The lowest 

value recorded in summer 2017 and the highest in spring 

2017. DO values were varied  spatially and temporally due to 

the change of temperature and microbial activity (Ezekiel et 

al 2011). Biological oxygen demands (BOD) value was less 

than 2 mg/l along the study period, which indicates that the 

river has ability to self- purification, these values were less 

than those recorded by another study on the Tigris river 

(Hassan and Al-Bdulameer 2014). Total organic carbon 

values ranged from 1.3% at site 3 in Summer to 4.7% at site 1 

in winter. Salman et al (2013) reported that the clay sediment 

is characterized by a large surface area for that has the ability 

to keep a high content of TOC.  The lowest pH sediment 

value (7.2) recorded at site 3 in winter and the highest was 8.3 

at site 2 in the spring. While the EC sediment ranged from 

1089 µs/cm in autumn in 2007 to 3007 µs/cm in summer at 

site 2. The results of nutrients showed temporal variation 

(Table 2). The concentration of total nitrogen (TN) was 

ranged from17.2 µg/l in winter to26.6 µg/l in the summer 

(Figure). In the inverse pattern, the lowest concentration of 

total phosphorus concentration obtained in summer 

(0.007µg/l) and the highest concentration in winter (0.036 

µg/l). Silicate (SiO )  concentration was 8.9 in summer and 2

37.3µg/l in winter. TP concentration was less than 5? g/l, and 

that is due to that the river considered as ultra-oligotrophic at 

the study period (Wetzel 2001, Kuchl and Troelstrup 2013). 

The lowest concentration of silicate (8.9ug/l) is recorded at 

S3 in summer and higher (37.3ug/l) at S1 in the winter, might 

be caused by rain and degradation of diatom cell in winter) 

Wetzel and Linkns 2000) (Table 2). There were significant 

difference for all physiochemical parameters between the 

seasons except salinity (at site 1), pH (at sites 2 and 3), DO 

(at site 3), TOC (at sites 1 and 2), pH sediment (at sites1and 

2), C sediment (at site 1), total phosphorus (at site 3) (Table 

2). A total of 182 taxa of epipelic algae was identified in this 

study and  belonged to 84 genera (Table 3 and 4). The 

diatoms  were the dominant groups and represent 57.14% of 

the total identified epipelic algae. While the Cyanophyceae 

was 26.37%, followed by Chlorophyceae (11.54%), 

Euglenophyta and Dinophyceae. The pennate diatoms were  

96 species and  only 8 species of the centric diatoms.  The 

most dominant species of pennate diatoms were Achnanthes 
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Taxa 1 2 3 Taxa 1 2 3

Cyanophyta O. earlei Gardner + - +

Chroococcus turgidus (Kützing) Nageli + - + O. minnesolensis Tilden + + +

C. indicus Zeller - - + O. amoena Gomont - - +

Dermocarpella hemisphaerica Lammermann + + - O. limosa Vaucher - + +

Gomphosphaeria aponina Kützing + - + O. limnetica Lammermann + + +

Gloeocapsa compacta Kützing + - + O. lacustris Klebahn + +

Golenkinia radiate Chodat + + + O. subbrevis Vaucher + + +

Gloeothece rupestris (Lyngbye) Bornet + - + O. tenuis Agardh + + +

Gloeocapsa quaternata Kützing + - + O. proteus Skuja - + -

G. alpina Nageli + + - O. pseudogeminata Biswas + - +

G. stegophila (Itzigsohn) Rabenhorst + - + O. formosa Bory + + -

Gloeocapsopsis pleurocapsoides (Novácek) + - - Planktolyngbya  limnetica (Lemmermann) + - +

Glenodinium armatum Levander + - - Phormidium ambiguum Gomont + + -

Johanseninema constrictum (Szafer) Hasler, 
Dvorak and Poulickova

- - + P. corium (Ag) Gomon - + -

Table 4. Epipelion algae during the study period in the Diyala river

Lyngbya aestuarii  (Liebman) Gomont + - - P. uncinatum Gomont - + -

L. normosan Harvey + + + P. purpurascens Gomont - - +

L. nordgardhii Wil - + + P. tenue Gomont + + +

L. limnetica Lemmermann + - + Spirulina laxa G.M.Smith + + +

Merismopedia tenuissima Lemmermann + + + S. major Kützing + + +

M. punctate Meyen - - + Schizostauron crucicula Grunow + - +

Microcystis aeroginosia Kützing + + + Chlorophyta

M. convolute Lemmermann + - + Ankistrodesmus fusiformis Corda + + +

M. flos-aquae (Witter) Kirchner + - + A. braunii (Nägeli) Lemmermann + + -

Nostoc muscorum Agardh + + + Chlorella vulgaris  Beijerinck + + +

N. linckia Bornet + - - C.  sp. + + +

N. calcicola Brébisson + + - Chlamydomonas angulosa O.Dill + + +

Oscillatoria acutissima  Kützing + + + C. dinobryonis G.M. Smith + + +

O. curviceps C.Agardh + + + C. polypyreoideum  Prescott + - +

O. calcuttensis Biswas + - - C. snowii  Printz + - +

Colestrum microporum Nägeli + + + C. sp. + - +

Desmodesmus lunatus (West) E. Hegewald - + - Pyrrhophyta

Kirchneriella obese  West - + + Parvodinium inconspicuum (Lemmermann) S. 
Carty

+ - +

Monoraphidium. Sp + + + Euglenophyta

Micractinium pusillum (Fresenius) - + - Cryptomonas  erosa Ehrenberg + + +

Oedogonium cardiacum (Hass) Wittroct - - + Euglena elongata W.Schewiakoff + + +

Schenedsmus arcuatus (Lemmermann) 
Lemmermann

- + + Euglena acus Her + + -

S.  quadricauda (Turpin) Brebisson + + + Euglena elastica Prescott + - +

S.  dimorphus (Turp) Kützing + + + Monomorphina  pyrum. (Ehr) Mereschkowsky + - +

S. bijugus (Wille)G.M.Smith + - + Phacus acuminats Stoken + + +

Spirogyra novae-angliae  Transeau - - + Peridinium cinctum (O.F. Muller) Ehrenberg + - +

Ulothrix tenuissima  Kützing + - - Trachaelomonas sp Ehr + + +

Micractinium pusillum (Fresenius) - + - Pyrrhophyta

Oedogonium cardiacum (Hass) Wittroct - - + C. tumida (Brébisson) + - +

Schenedsmus arcuatus (Lemmermann) - + + Caloneis amphisbaena (Bory) Cleve - + +
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S.  quadricauda (Turpin) Brebisson + + + C. molaris (Grunow) Kremmer + + +

S.  dimorphus (Turp) Kützing + + + Craticula halophila (Grunow) D.G. Mann + + +

S. bijugus (Wille) G.M. Smith + - + Cosmioneis pusilla W. Smith + - +

Spirogyra novae-angliae  Transeau - - + Diatoma elnogata (Lyngbye) C. Agardh + + +

Ulothrix tenuissima Kützing + - - D. vulgaris Bory + + +

Bcillariophyta Encyonopsis microcephala  (Grunow) 
Krammer

+ + +

Centrals Encyonema cespitosum (Kützing) - - +

Aulacoseira granulata  (Ehrenberg) + - + Eunotia formica (Ehrenberg) + + +

A. subarctica (Otto Muller) E.Y. Haworth - + + Eunotia tenella (Grunow) Hust + - -

A. granulata (Ehr) Simonsen + - - E. bilunaris (Ehrenberg) Schaarschmidt - - +

Cyclotella meneghiniana  Kützing + + + Epithemia gibba (Ehr) Kützing     - + -

Cyclostephanos  dubius (Hustedt) Round - - + Fragilariforma virescens  Ralfs - + +

Lindavia  comta Kützing + + + F. vaucheriae (Kützing) + - +

Pantocsekiella ocellata  Pantoccsek - - + F. copucina  Desmazieres + + +

Stephanodiscus  astraea  (Kützing) Grunow + - + F. pectinalis (Muller) Lyngbye + + +

Pennales F. acus (Kützing) Lange-Bertalot + + +

Achnanthidium affinis  (Grunow) Czarnecki + + + Gomphonema acuminatum   Ehrenberg + + +

A. minutissima (Kützing) Czarnecki + + + G. gracile  Ehrenberg - + +

Achnanthes brevipes  Agardh + + - Gyrosigma attenuatum Kutzing + + +

Anomoeoneis exilis (Kützing) - + + G. tenuirostrum (Grunow) - + +

Amphiprora alata  (Ehr) Kützing + + + Geissleria paludosa (Hustedt) Lange-Bertalot + - +

Amphora alata (Cleve) + - + Halamphora veneta Kützing + + +

A. ovalis (Kützing) - + + Humidophila andeqavensis (H.German) Lowe, + + +

Adiafia  bryophila (Petersen) Lange-Bertalot + + +

Bacillaria paxillefer   Gmelin + + +

Cocconeis pesudolineata  Geitler + + +

C. pediculus Ehrenberg - + +

Cymatopleura hybrida  Smith + + +

C. microcephala Smith - + +

Cymbella obtusiuscula Kützing - + +

C. aspera (Ehrenberg) + + -

C. affinis  Kützing + - +

C. parava  Grunow - + +

C. helvetica (Kützing) - - +

+= present,  -=not present

affinis, Cocconeis placentula, Mastogloia smithii, Stauroneis 

pseudosubtusoides, Diatoma elongatum  and Cymatopleura 

solea, while for centric diatoms were Cyclotella 

meneghiniana and  Cyclotella comta. Also, Oscillatoria 

limnetica, Chlorella vulgaris, and Ankistrodesmus falcatus 

were the most dominant species of  the non –diatomic during 

the study period (Table 3). Some species were obtained at 

>10% as follows: at site 1: Craticula halophila (Grunow) 

D.G.Mann (11%), Achnanthidium minutissimum (17%) 

Meloseira varains (17%), Navicula   clementis (21%), N. 

pupula (24%), and Mastogloia smithii (29%).

At site 2: Bacillaria paxillefer (12%),  Cocconeis placentula 

(12%), Cocconeis pediculus (15%),  Diatoma vulgare(18%), 

Navicula pupla (18%), Nitzschia.sigma (19%) and Cyclotella 

meneghiniana (19%). 

At site 3: Cymbella obtusiuscula (11%), Pinnularia 

appendiculata (11%), Cymbella affinis (11%), Mastogloia 

smithii (12%), Navicula imbricate (14%), Navicula grimmei 

(14%), Bacillaria paxillefer (19%) and Navicula rsdiosa 

(22%). At site 3: Cymbella obtusiuscula (11%), Pinnularia 
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Parameters WT AT pHW TDS ECW (S%) L.P. DO BOD TP TN RS pHS ECS TC TNA Cha Pha WF
oWater temperature C (AW) 1

oAir temperature C (AT) 0.9 1

pH water (pHW) 0.1 -0.1 1

Total dissolved solid (TDS) 0.2 0.5 -0.4 1

Electric conductivity (ECW) 0.7 -0.3 -0.3 0.7 1

Salinity (S%) 0.6 -0.8 -0.4 0.7 0.99 1

Light peneration (LP) -0.9 -0.8 -0 -0 -0.7 -0.6 1

Dissolved oxygen (DO) -0.8 -0.9 0.009 -1 -0.8 -0.8 0.68 1

Biological oxygen demand (BOD) 0.3 0.4 0.23 0.3 0.01 0.05 -0 -0.2 1

Total phosphorus (T) -0.8 -0.9 -0.3 0.5 -0.7 -0.7 -0.4 0.7 0.3 1

Total nitrogen (TN) 0.5 0.7 0.19 0.7 0.5 0.48 -0.4 -0.4 0.6 0.6 1

Reactive silicate (RS) 0.1 0.4 -0.7 0.7 0.41 0.43 -0.1 -0.3 -0 0.4 0.34 1

pH sedement (pHs) 0.3 0.2 0.39 -0 0.08 0.01 -0.5 0.15 0.2 0.1 0.56 -0 1

EC sedement (EC.S) -0.1 0.1 -0.1 0.6 0.44 0.45 0.08 -0.2 -0.4 0.2 0.23 0.2 -0.2 1

Total organic carbon (TOC) -0.4 -0.3 0.41 0.1 -0.3 -0.3 0.35 0.42 -0.1 -0.5 0.24 0.1 0.3 0.28 1

Total number of algae (TNA) 0.2 0.5 -0.1 0.9 0.49 0.51 -0.1 -0.4 0.3 0.5 0.86 0.6 0.2 0.57 0.4 1

Chlorophylla (Cha) -0.2 -0.1 -0.9 0.2 0.07 0.1 0.11 0.09 -0.4 0.1 0.26 -0 -0.3 -0 -0.1 0.006 1

Pheaophytin a (Ph.a) 0.5 0.7 0.01 0.7 0.49 0.48 -0.3 -0.4 0.5 0.7 0.92 0.8 0.4 0.31 0 0.88 -0.1 1

Water flow (W.F) 0.5 0.6 0.48 0.5 0.36 0.35 -0.2 -0.6 0.4 0.4 0.67 -0 0 0.42 0.1 0.642 -0.6 -0.7 1

Table 5. Correlation coefficient between different parameter in Diyala river

*Significant (P<0.05)

appendiculata (11%), Cymbella affinis (11%), Mastogloia 

smithii (12%), Navicula imbricate (14%), Navicula grimmei 

(14%), Bacillaria paxillefer  (19%) and Navicula rsdiosa 

(22%). 
3The total number of epipelion algae was 171.39 cells x10  

2 3 2 / cm  in summer at site 2 and 41.9X10  cells /cm in autumn at 

site1 (Table 2). The concentration of chlorophyll-a ranged 
2 2from 0.2 mg/dm  in winter to 8.4 mg/dm  in spring at site1 for 

both concentrations. While the lowest phaeophytin-a 

concentration was 0.3mg/l in site3 in spring and the highest 
2  concentration was 3.7mg/dm  recorded at site1 in summer. 

Both chlorophyll-a and phaeophytin-a significant variation (P 

< 0.05) among concentrations at season were noticed.

In the same trend the LSD results of biological 

parameters showed a significant difference between 

seasons (Table 2). These results might be related to the 

nature of each site as illustrated in table 1. The dominance of 

diatoms was very known in the Iraqi ecosystem that may be 

due to their ability to tolerate a wide average of biological and 

environmental factors (Hassan et al 2014). This dominance 

is also noticed in many studies of aquatic ecosystems in Iraq 

(Ismail and Saadalla 2010, Kadhim et al 2013, Hassan and 

Shaawiat 2015, Ali et al 2017). Temporal and spatial variation 

may be indicated to the engagement with many 

environmental  factors: temperature, EC, nutrients, light 

penetration and level of DO (Pringle and Triska 2006) (Table 

4). The total number of algae was significantly correlated with 

some parameters a significantly (Table 5) such as TDS 

(r=0.895, P< 0.05), S‰ (r= 0.514, P< 0.05), TN (r=0.85, P< 

0.05), RS (r=0. 5, P< 0.05), EC sediment (r=0.574, P< 0.05) 

and WF (r=0.692, P< 0.05). The growth of Epipelion algae 

depends on these parameters and the nutrients as a 

requirement of a given algal flora and  environment quality 

where they are present. The correlation with nutrient shows 

why diatoms predominant over other algal flora. No 

significant correlation was recorded between Chollophll a 

and all physicochemical parameters while Phaeophyten a 

has a significant correlated with BOD, TP, TN and total 

number of algae (r=0.54, r=0.739, r= 0.921, r- 0.88, P< 0.05, 

respectively).

Matta et al (2018) reported that some algae such as  

Cymbella, Amphora and Achnanthes might be referring to 

organic pollution in the river. Andrejic et al (2012) revealed 

that the obvious existence of the genera Navicula and 

Nitizchia in an aquatic system referred to organic pollution. 

Cyanophyceae is the second most important of appealing 

community in the Diyala river in this investigation and 

followed by Chlorophyceae. The predominance of  

Cyanophyceae on Chlorophyceae indicates an 

environmental alters). Some authors reported that the 

Cyanophyceae community has responded to the changes in 

the environment (Douterelo et al 2004, Soltani et al 2012). 
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The predominance of  Oscillatoria on the rest of 

Cyanophyceae genera in this investigation indicates water 

pollution (Douterelo et al 2004). The  existence of some 

Chlorophyceae genera such as Chlorella and Senedesmus 

indicated to water pollution, these algae has the ability to 

tolerate the polluted water (Poulickova et al 2008, Bellinger 

and Sigee 2010). Hassan et al (2017a) revealed that the 

water quality of Diyala river was poor – marginal for the 

protection of life of aquatic organisms, therefore this study 

confirms the same results by using Epipelion community. 

CONCLUSION

   The water quality of Diyala river is suffering from a 

supply shortage of water and anthropogenic sources of 

pollution.  The river is alkaline and oligohaline. Diatoms are 

dominant group and followed by Cyanophyceae and 

Chlorophyceae. The pennate diatoms predominant on the 

centric diatoms. The growth of algae in the Diyala river 

depends on TDS, TN, WF, EC sediment, and RS. A 

noticeable higher total number of algae recorded in summer 

due to availability of TN and RS. This study confirmed that the 

water quality of the river has been changed in terms of 

species composition of Epipelion. The predominance of 

Cyanophyceae on Chlorophyceae indicates an 

environmental alters. The existence of genera Cymbella, 

Amphora, Achnanthes, Navicula and Nitizchia referred to 

organic pollution in the river.
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Diversity of Soil Algae from Vegetable Crop Fields 
of Cachar District, Assam, India
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Abstract: The present work deals with the study of distributional pattern and soil algal diversity of vegetable crop fields of Cachar district, 

Assam (India). A total of 50 algal species belonging to 27 genera spread over Chlorophyceae, Cyanophyceae and Bacillariophyceae families 

were enumerated. Of these, 19 species belong to Cyanophyceae, 5 to Chlorophyceae and 26 species to Bacillariophyceae. Soil physico-

chemical analysis reveals the soil of the study sites is slightly acidic in nature with different textural type. Higher number of species was d at 

Bagpur. Nostoc, Anabaena, Oscillatoria, Chroococcus, Haematococcus, Chlorella, Scenedesmus, Navicula, Cymbella and Nitzschia were 
'the most dominant species. The highest Shannon diversity index (H= 2.69) was in Bagpur with Simpsons dominance index 0.09 and Peilou's 

evenness index 0.87 in May 2013. The pH and conductivity of soil were significantly correlated with the diversity indices.
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Soil habitats are the most favourable non-aqueous 

ecosystems for soil algae. Diversity of soil algae are quite 

different depending on types of soil such as virgin or arable 

soil. Presence of algae in soil contributes to formation of soil, 

reduce soil erosion and help in matter and energy fluxes). 

Heterocystous cyanobacteria are known to effectively 

contribute to biological nitrogen fixation. They also help in 

reclamation of saline soil and serve as ameliorators of metals 

.Soil algae including cyanobacteria in various crop fields of 

different locations had been documented (Jadhav and 

Balasaheb 2015, Adesalu and Olugbemi 2015, Seema 

2016). They play an important role in sustaining soil physico-

chemical properties in cropping system (Cherian and Tarar 

2012). As a sequel to continued endeavour to assess the soil 

algal diversity of the Barak valley as a whole (Paul and Rout 

2016, Devi and Rout 2016, 2018).The present investigation 

addresses the distributional pattern and diversity of algae 

from two different vegetable crop fields of Cachar district, 

Assam (India). 

MATERIAL AND METHODS

Study area: The study was conducted in two vegetable crop 
” ” ” ” 'fields of Bagpur (24 45 34.5”N 92 50 23.7E) and Gobindapur 

” ” ” ” ”(24 48 19.5”N 92 52 33.5 E) situated on the banks of river 

Barak in Cachar District, Assam (Fig. 1).  The sites are 

located in the South East region of the district. Vegetable 

cropping period starts from the late winter and continues upto 

pre-monsoon (December to May). The primary vegetables 

grown in Bagpur site were cabbage, brinjal, cauliflower, 

turnip, green chillies, carrot, cabbage, beans, tomato, 

cauliflower, turnip are the primary crops grown in Gobindapur 

area.

Soil sampling and analysis: A total of 20 soils samples from 

two vegetable crop fields were collected randomly from a 

depth of 0-10cm using soil corer (5 cm inner diameter) once 

during the cropping period. Composite samples were 

prepared in the laboratory. The samples were air dried, 

grinded and sieved through 2mm mesh. The physico-

chemical parameters of soil samples were determined using 

standard methods.  The soil pH was measured by Chemline 

digital pH meter and soil conductivity was measured using a 

Systronics direct reading conductivity meter. The bulk 

density of the soil samples was estimated by soil corer 

method (Brady 2004). The soil moisture content was 

determined by oven drying method (Gupta 1999). The soil 

organic carbon was analyzed by Walkey and Black's rapid 

titration method (Jackson 1958). The texture of the soil was 

determined by Bouyoucos soil hydrometer (Allen 1989). The 
'soil water holding capacity was determined by Keens box 

method (Piper 1944). Total nitrogen was estimated by semi-

micro Kjeldahl method (Allen 1974) and phosphorus was 

determined spectrophotometrically and potassium by flame 

photometry (Jackson 1973).

Algal collection, identification and enumeration: The 

algal samples were collected randomly from soil surface 

during the crop season i.e. from December 2012 to May 

2013from different plots of the study sites in replicates. Algal 

samples were studied by optical microscopy using Leica 



application suit (LM1000 LED). Algal samples were scraped 
2 1cm from surface soil with scalpel and forceps.  Algal 

identification was carried out with relevant taxonomic 

monograph (Prescott 1951, Desikachary 1959, Sarode and 

Kamat 1984). Enumerations of algae were made by 

“Lackey's drop method” (Trivedy and Goel 1986).

Statistical analysis: Algal diversity was analysed using 

different indices. The Shannon-Wiener diversity index, 

Simpson's dominance index and Pielou's evenness index 

were calculated with the help of excel. Pearson correlations 

were made with SPSS version 21.

RESULTS AND DISCUSSION

The pH of the soil was slightly acidic (5.56-6.01) with little 

variations among different sites. The conductivity was 

0.45mS/cm in Bagpur and 0.27mS/cm in Gobindapur. The 

soil at Gobindapur has silty clay loam and Bagpur has silty 

clay texture. The soil bulk density was almost invariant 
-3(1.25gm cm ). The soil moisture content ranged from 17.4 

percent in Gobindpur to 20.57 percent in Bagpur while 

organic carbon was almost invariant. Total nitrogen content 

of the sites ranged from 0.27 to 0.30 per cent. Gobindapur 

site contained higher nitrogen content. Phosphorus (0.03%) 

and potassium concentration (0.70%) was same  in both 

sites.

A total of 50 algal species under 27 genera belonging to 

Chlorophyceae, Cyanophyceae and Bacillariophyceae from 

two different vegetable crop fields of Cachar District, Assam 

had been enumerated. Of these, 19 species belong to 

Cyanophyceae, 5 to Chlorophyceae and 26 to 

Bacillariophyceae (Table 2). Class wise percentage of 

Bacillariophyceae was maximum (52%)  highest followed by 

Cyanophyceae (38%) and Chlorophyceae (10%). Higher 

number of species was encountered at Bagpur with 46 

species, 23 species belong to Bacillariophyceae, 18 species 

to Cyanophyceae and 5 species to Chlorophyceae. In 

Gobindapur, 21 species were recorded of which 10 species 

belong to Bacillariophyceae, 9 species to Cyanophyceae and 

2 species to Chlorophyceae (Table 3 and 4), The saplings are 

usually sown in December and extensive watering begins 

from February only causing algal species to flourish 

throughout the soil uniformly. Nostoc, Anabaena, 

Chroococcus, Haematococcus, Oscillatoria, Scenedesmus, 

Chlorella, Cymbella, Navicula and Nitzschiawas the 

mostdominant species (Plate 1). The algal forms of  

unicellular, colonial and filamentous were recorded. 

Filamentous algae were recorded abundantly post-rainy 

season. Total algal density got significantly increased from 

December to May in both the sites. Highest Shannon 
'diversity index (2.69) was observed in Bagpur with Simpsons 

dominance index of 0.09 and Peilou's evenness index of 0.87 

in   May 2013 (Table 5 and Fig. 2). Only two parameters, pH 

and conductivity were found to be significantly correlated. 

Shannon diversity index showed a negative correlation with 

pH and a positive correlation was observed between 

Simpson index and conductivity. 

The two sites have rather similar soil characteristics and 

climatic condition. For determination of soil algal 

composition, pH plays an important role.  For soil algae 

distribution and diversity, water content is very crucial (Lin 

and Wu 2013). Conductivity was quite higher in Bagpur 

relative to Gobindapur which may be due to usage of excess 

P and K based fertilizers. Soils with conductivity below 0.4 

mS/cm are considered as non-saline and that above 0.8 

(mS/cm) as severely saline (Wagh et al 2013). The 

conductivity values of soil of the present study area reflect a 

non-saline condition. The soil bulk density was governed by 

soil types, textures, management and cultivation measures 

(Gathala 2011, Benbi 2012). Gobindapur site has low 

moisture content as compared to Bagpur. Moisture content 

plays an important role in plant health. In low water level, 

plant becomes stressed. Bagpur has more organic contents 

than that of Gobindapur. In cultivated soil, source of organic 

carbon include crop residue, cover crops, animal manure, 

green manure and organic fertilizer (Borkar 2015). In acidic 

soil, green algae are found abundantly and in diverse form 

(Lukesova and Hoffmann 1996).

In the present work, Bacillariophyceaen algal forms 

constitute a major part of soil algal population followed by 

Cyanophyceaen and Chlorophyceaen. Intersetingly 

Cyanophyceae were reported to constitute the dominant 

algal population followed by Bacillariophyceaen and 

Chlorophyceaen from a brinjal fields of Bagpur in Cachar 

District, Assam (Devi and Rout 2016). Studies on soil algae 

have been documented from different crop fields such as 

paddy (Patil and Chaugule 2004,  Cherian and Tarar 2012), 

wheat (Chaporkar and Prasad 2004), brinjal (Balasahed and 

Jadhav 2014), potato (Adesalu and Olugbemi 2015) 

Parameters Bagpur Gobindapur

pH 5.56±0.48 6.01±0.31

Conductivity(mS/cm) 0.45±0.03 0.27±0.02

Moisture content (%) 20.57±1.37 17.4±0.92
3Bulk density(gm/cm ) 1.24±0.05 1.28±0.10

Organic carbon (%) 1.14±0.39 1±0.15

Total nitrogen (%) 0.27±0.02 0.3±0.004

Total phosphorus (%) 0.03±0.002 0.03±0.001

Total potassium (%) 0.7±0.01 0.68±0.02

Soil texture Silty clay Silty clay loam

Table 1. Soil physico-chemical parameters of the study sites
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Species Bagpur Gobindapur

Cyanophyceae

Anabaena  orientalis Dixit + +

Anabaena oryzae Fritsch + -

Anabaena variabilis Kutzing ex Born.et Flah + -

Anabaena variabilisv. ellipsospora Fritsch + +

Anabaena variabilisv. kashiensis + +

Aphanothece microscopic Nag. + +

Calothrix marchicav.intermedia Rao, C.B. + -

Chroococcus disperses var.minor G.M. Smith + -

Chroococcus turgidus (Kuetz.) Naegeli - +

Myxosarcina  spectabilis Geitler (Orig.) + -

Nostoc carneum Ag. + +

Nostoc hatei Dixit + -

Nostoc linkia (Roth) Born.et Flah. + -

Nostoc piscinale kutz. - +

Nostoc sp.2 + -

Nostoc spongiaeformev. tenue  Rao, C.B. + -

Oscillatoria amphigranulata van Goor. + +

Phormidium retzii (Ag.) Gomont + -

Spirulina major Kützing + -

Chlorophyceae

Chlorella vulgaris + -

Haematococcus lacustris (Girod). Rostaf. + +

Hormidium flaccidum (A.Br.) Born et Flah. + -

Kirchneriella obese (W.West) Schmidle + -

Scenedesmus opoliensis var. Setosus  Dedusenko + +

Bacillariophyceae

Amphora maharashtrensissp.nov. + -

Caloneis bacillum(Grun.) Meresch. V. Fontinalis (Grun.) Mayer + -

Cymbella tumidula Grun. + +

Frustulia jogensis Gandhi. + -

Gomphonema gracile Ehr.v.intricatiforme Mayer + -

Gomphonema parvulum (Kuetz.) Grun. + +

Navicula bacillum Ehr. + +

Navicula confervacea kuetz. + -

Navicula cryptocyphela kuetz. + +

Navicula halophila(Grun.) Cleve f.subcapitata ostrup + -

Navicula lucidula Grun. + -

Navicula pupulakuetz.v.rostrata Hustedt + -

Navicula rostellata Kuetz. + -

Navicula sp. + -

Navicula subhamulata Grun. + -

Navicula subrhynchocephala Hustedt + -

Navicula subtenelloides cholnoky + -

Nedium longiceps(Greg) A.Cl.v.undulatum (Mayer) A.Cl. + +

Nitzschia palea (kuetz.) w.smith. + +

Nitzschia sp. + +

Pinnularia dolosa Gandhi v. chariessa Gandhi + -

Pinnularia interruptaw. smith - +

Stauroneis phoenicenteron Ehr.f.producta Gandhi + +

Surirella tenuissima Hustedt. + -

Synedraacus Kuetz.v.radians (Kuetz.) Hustedt - +

Synedra sp. + +

Total 46 21

Table 2. Occurrence of algae in different vegetable crop fields 

,fenugreek (Jadhav and Balasaheb 2015) and cabbage (Devi 

and Rout 2018). Cyanobacteria were recorded as the most 

dominant species in soils in different crop fields. The most 

dominant cyanobacteria observed in farmlands elsewhere 

are Anabaena, Nostoc, Calothrix, Lyngbya, Microcolues, 

Oscillatoria and Phormidium (Khaybullina et al 2010). In the 

present study, higher diversity was observed in Bagpur 

relative to Gobindapur site. Both the vegetable crop field 

being used for commercial purpose, higher amount of 

pesticides and chemical fertilizer were used for better yield 
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and productivity. Prolonged use of fertilizers is believed to 

have led to reduction of species diversity as well as 

suppressed development of cyanobacteria (Kuzyakhmetov 

1998a). Correlation among soil physico-chemical 

parameters and diversity indices of the two sites shows both 

positive and negative significant correlation. Deb et al (2013) 

reported the correlation between algal diversity indices and 

soil physico-chemical parameters of Assam University 

campus and only two parameters pH and bulk density of soil 

were found to be significant. In the present study pH and 

conductivity are significantly correlated.

CONCLUSION

In both the sites Bagpur and Gobindapur, 

Bacillariophyceae representation was  highest followed by 

Cyanophyceae and Chlorophyceae. Algal forms unicellular, 

colonial and filamentous were recorded during the present 

research. Algal diversity was higher during the rainy season 

as increased moisture content of soil promotes luxuriant 

growth of algae. The pH and conductivity of soil were 

significantly correlated with the algal diversity indices.
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Fig. 2. Monthly diversity indices of algae in the study sites

Indices pH Conductivity Moisture 
content

Bulk 
density

Organic 
carbon

Total 
nitrogen

Total 
phosphorus

Total 
potassium

Shannon-Wiener 
Diversity index (H)

*-0.605 0.367 0.494 -0.79 0.444 - 0.171 0.015 0.136

Simpson's Dominance 
index (C)

0.535 - 0.446 - 0.409 0.192 - 0.480 0.001 0.019 - 0.128

Pielou's  evenness 
index (E)

- 0.122 *0.587 - 0.107 - 0.129 0.445 0.309 0.214 0.188

Table 5. Correlation among soil physico-chemical parameters and different indices of the algae

*Correlation is significant at the 0.05 level

Plate 1. Anabaena variabilisv.ellipsospora, b. Anabaena oryzae, c. Nostoc carneum, d. Aphanothece microscopic, e., 
Haematococcus lacustris and f. Nostoc linkia

695Soil Algae from Vegetable Field
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Identify Suitable Classification Algorithm for Water Pixel Count 
Extraction – A Case Study of Puzhal Lake

Indian Journal of Ecology (2018) 45(4): 697-703

Abstract: The scope of urbanization variation due to landscape alterations, profoundly affect the ecological features and decision-making 

process for built-up standards. In various parts of the globe, urbanization studies have identified a significant correlation between substantial 

human benefits on quality-of life, quantifiable resource utilization and local climatic parameters. Remote sensing environment has developed 

techniques to estimate change in spatio-temporal attributes in a georeferenced imagery. The intricate multi-signature classes and massive 

data interpretation for minute urban change detection for Kancheepuram, Tamilnadu. Supervised Land-use-and-Land-Cover (LULC) 

classification using Neural Network(NN), Minimum Distance, Support Vector Machine(SVM) & Maximum Likelihood technique to estimate 

change in urban class is performed. Unsupervised classification, inbuilt programmed distance learning algorithm, with ISO and K-means, is 

performed on preprocessed and enhanced PCA image. Support vector machine and ISO classification techniques with enhanced imagery, on 

the prior basis shows more accuracy (80-85%) amongst mentioned techniques. Thus, following SVM to categorize attributes to classes and 

performing urban change detection. The discrepancy between new land and barren land via SVM practice remain uncertain. 

Keywords: Remote sensing, Band math, Supervised and unsupervised techniques, Normalized indexing
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Urban growth (movement of rural area to residential and 

commercial land use at the fringe of cosmopolitan areas) acts 

as the major factor influencing quality and quantity of the 

water bodies in and around the . During last two decades, the 

intensity of landuse changes with respect to urbanization 

increase, illustrates its consequences on ecology of the 

receiving stream. With the increase in urban growth, the 

increased areal demand, makes significant changes in the 

allocation of water bodies and disturbs the natural ecology. 

Several inter-disciplinary projects to bring the natural regime 

to pre-urbanized level and protect the water bodies extent are 

initiated around the globe. The increasing urban change and 

varying environmental factors plays a major role to increase 

percentage imperviousness and decrease infiltration rate, 

thereby deteriorating stream quality and disturbing stream 

natural regime. To estimate the water depletion in a 

catchment, various remote sensing techniques are 

developed to categorize urban expansion with depleting 

water table. The studies on change monitoring for mapping of 

social and economic processes are presented and with 

regards to land use change relation for these factors are 

assessed by (Schneider 2012). The outcome of the 

relationship shows the direct relation and its usefulness in 

decision making process to preserve and prevent natural 

resources. The sustainable development policies are 

outlined in accordance to the integration of study for various 

attribute classification for wide range sources and disciplines 

using remote sensed data (Xiuwan 2010).

The classified image authentication for its accuracy 

becomes difficult and time consuming with labor-intensive 

survey method. With the vast application in remote sensing 

environment, the urban literature and planning techniques 

using classification change analysis became prominent 

recently with introduction of various time saving validation 

techniques. The several techniques based on algorithmic 

classification of satellite images for land acquisition and 

change detection varies with spatial resolution. Change 

detection using high resolution data for multi-date composite 

is difficult because of data unavailability and complexity in 

data handling. Burns (2012) analyzed landsat imaginary 

using multi-variate technique for supervised classification 

and inferred that the decision tree technique is most accurate 

(90%) method. Several research objectives on classification 

algorithm and change detection clearly resolve class 

confusion matrix for various domains with their spectral 

information (spatially and temporally). Remote sensing in 

recent trends helps analyst to depict several decisions in 

Urban planning and management. 

The methods used for classification studies under 

varying circumstances are diverse and location specific with 

uncertainty in choosing 'best practice' for optimum accuracy. 

Several studies on spatially classifying the satellite image and 



validate it with real time scenario, have been performed and 

proved accurate up to 85%. The temporal studies (dense time 

series data handling) in urban domain are not extensively 

implemented to estimate the change in land parcel due to 

deficiency in data availability and efficient data processing 

with high computational power (Yuan 2005). To reduce high 

computational space and improve accuracy, generalized 

method to classify satellite data in more accurate detailed is to 

be estimated and in doing so, the MapReduce concept can be 

implemented to reduce time consumed for processing. 

MATERIAL AND METHODS
2An area of 140 km  around Puzhal lake is selected for the 

change detection analysis for water encroachment and its 

adverse effect on the ecology. The lake acts as a storage 

reservoir to supply water to Chennai city with a contribution 

from Chembarambakkam and Porur Lake. Puzhal reservoir 

of an ancient design capacity of 500 million cubic feet in 1876 

is now upgraded to 2,227 million cubic feet due to increasing 

demand and variable climatic conditions. Chennai water 

supply corporation defined the design capacity of reservoir to 

3300 mcft, according to receiving inflow of 1,196 cubic feet 

per second. During Chennai floods, Puzhal lake sustained 

320mm of rainfall filling 67.5% of its capacity with a lowest 

flooding amongst adjacent reservoir. 

The study area with coordinates (13°10'00?N 

80°10'17.5?E) is located in the outskirts of Metropolitan city 

Chennai, with a growing urbanization rate of 34.15 - 48.45% 

from 1991 to 2011 on decanally. Step-by-step procedure for 

the satellite data acquisition, preprocessing for spectral and 

radiometric correction, and stacking of time series satellite 

data to access the seasonal variation of data availability. 

Multi-spectral data, visible infrared radiations of comparable 

value, are used to categorize the land composition and high 

backscatter for human settlements are based on quantitative 

assessment using data fusion technique. Advanced data 

fusion technique or multi-variate data handling approach is 

not widely spread due to data complexity and time-

consuming task in correcting, corelating and separating 

ranges for various domains.

Fig. 1. Methodology flow chart
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Data preprocessing: Landsat 8 and Landsat 4-5 

(downloaded from USGS Earth Resource Observatory 

Systems) are used in the study. The data ranging from 

January to December, further classified on seasonal 

variation basis, is processed for Unsupervised Learning 

Techniques (ISO and K-means) and Supervised Learning 

Techniques (SVM, Minimum Distance, Maximum Likelihood 

and Neural Network approach with MapReduce algorithm). 

Inbuilt MapReduce concept to parallelly classify the vectors 

in lesser duration proves effective in Deep learning change 

detection analysis. Preprocessing for radiometric and 

geometric corrections needs to be performed the reduce the 

proximity error due to multiple scattering during observation. 

Other materials for the study to demonstrate and identify 

classification class, Google Earth imagery and 

Topographical maps obtained from Survey of India (SOI). 

With an idea for geometric correction for DEMs by (Singh 

2015), the data collection efficiency of radiometric sensors to 

examine various mountainous regions and terrain selection 

based on different classification techniques are compared 

(Teillet 1982).  

Satellite remote sensing and GIS technique illustrates its 

application in identifying water bodies location and quantify 

the location specific causes with time span. ArcGIS provides 

a graphical user interface (GUI), to analyze, measure and 

display digitized maps with respective pixel widths (Jackson 

2004, Wu 2006, Ouma 2006). The study reported here 

investigate the variations in waterbodies from 2005 to 2015 

for five-year time steps. During the study various questions 

were taken as a basis to implement the methodology and 

generalize it to any study area. The existing clustering 

technique, Supervised or Unsupervised classification, for 

water allocation and change detection shows less variance 

with respect to MNDWI statistics. After image enhancement 

or any additional feature to transform image, gives better 

results for the above question.

The radiometric correction, noise correction using 

autoencoder has been performed. The output image is thus 

subjected to classification techniques using unsupervised 

learning (K-means algorithm and ISO classification 

algorithm) and supervised algorithm (maximum likelihood 

classification, neural network algorithm and support vector 

machine). Five classes as per (Schneider 2012) are 

classified as water, low and high vegetative land, urban area 

and built-up land. 

The three dated Landsat images were classified with an 

attention to highly water spread areas to attenuate the flood 

prone areas. The study area and water spread through 

Puzhal lake to surrounding bodies is classified through 

mentioned classification techniques. The classification 

techniques are thus compared with NDWI and MNDWI 

(assuming to be then standard water values after 

preprocessing).  Superv ised and Unsuperv ised 

classifications are performed using training and testing 

dataset for supervised and distance matrix-based 

classification with an optimum number of iterations for 

unsupervised classification (Jackson 2004). The 

methodology in this study involves the classification 

techniques compatibility for various areas and variance 

analysis with normalized indexes or band math algorithm 

(Gong 1992). 

The training samples are selected by comparing 

Landsat imagery and google earth VHR imagery with manual 

surveying. As this case can also be observed for water bodies 

and barren lands, but the variation is temporary as the areas 

lying near to water bodies are considered as water affected 

areas due to seasonal or temporal changes. Thus, these 

pixels are considered finally in water bound areas.

Calibration and training: Landsat data has a 30m spatial 

resolution with all visible and infrared bands (in Multispectral 

view), is used to obtain NDWI using SPEAR tool in Envisat 

software which follows following Band Math:

The goal to generate training datasets and spatial 

database for calibration purpose is obtained by selecting 

training sites in Google Earth, thereby identifying the 

permanent water bodies for standard training samples. 

Accuracy assessment: Xu (2006) evaluated the water 

index to detect the open water features by applying Modified 

Water Index (MNDWI) math. The reflectance values while 

using SPEAR tool in Envisat for Water index calculation 

generates similar raster for built-up and water bodies. 

Modified Water index is capable to enhance open water 

features thereby efficiently moderating or even removing 

built-up and soil noise. The conclusive comments by (Xiao 

2006, McFeeters 2013 and Singh 2015) using MIR band over 

Land cover Class details

Water Major water borne areas with high intensity of 
water reflectance value

Urban R e s i d e n t i a l ,  C o m m e r c i a l ,  I n d u s t r i a l ,  
Transportation and so on

Highly 
vegetated

High density vegetation Index cross verified from 
NDVI index

Low 
Vegetation

Low density with range of 0-0.3-pixel values 

Barren land Green band more prominent and shows light 
brown color

Table 1. Classified list of classes used for several 
quantifications

NDWI=
NIR-Red

NIR+RED
MNDWI=

Green - MIR

Green + MIR
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NIR band enhances the extraction of open water body 

features in Landsat imagery. In the study, the standard 

modified water body extraction tool to compare water pixels 

with modified classification tools is done and accuracy 

assessment matrix is readily arranged. 

RESULTS AND DISCUSSION

Error estimation for each technique on MNDWI 

classified image for water index was done (Table 2).  The 

accuracy assessment for each pixel class identification and 

improvement during training dataset selection on hit and trail 

format has been implemented for lake surrounding structures 

for 2015 classified imagery, taking validation data from 

Google Earth. The accuracy assessment for SVM represents 

an accuracy of 84 per cent (approximately) with its Kappa 

coefficient of 4 per cent. With the variation of water bodies, 

the relationship between LULC for different time periods, 

2005-2010-2015, is analyzed using Digital elevation model. 

The water reflectance for elevation characteristics, DEM 

point of view, remains same as the level rise is minute during 

floods, reaching to maximum storage capacity. The water 

spread to surrounding areas were analyzed and spread 

mapping is required to be done to initiate preventive 

measures prior to similar flood event. The amount of water 

pixel count change with each classification technique before 

and after image enhancement, thereby, comparing the 

results with MNDWI parameter to illustrate their accuracy 

(Table 2).

The study area terrain is moderately sloped with an 

average elevation of 6.7m from sea level. Being in coastal 

areas and at a lower elevation, the frequency of flooding or 

sea water intrusion is prominent in Chennai. The number of 

pixels for each classification techniques varies and the 

reason for the variation is their erratic algorithms 

emphasizing on to the common element (as pixels) (Fig. 5). 

The comparison of the pixel counts (in thousands) clearly 

indicates the closeness of MNDWI indices with SVM and 

maximum likelihood techniques for supervised and 

unsupervised classification respectively.

The amount of water pixels obtained in MNDWI index 

calculations w.r.t Google VMH imagery is approximately 

96.9% with Kappa factor coefficient value of 0.89. Taking a 

standard MNDWI value to benchmark the classification 

concludes that the most accurate classification technique for 

classifying Landsat imagery in Envisat toolbox is based on 

the distance approach, with the orthogonal property in SVM 

classification for Supervised classification and ISO – data 

RMSE distance approach for Unsupervised classification. 

Year Classification type Pixel count Percentage change

Raw Enhanced Raw Enhanced

2005 ISO 12613 12260 81.820 84.176

K-means 18535 16414 55.678 62.873

Maximum Likelihood (MLC) 9611 11336 92.623 91.037

Neural Network (NN) 21225 11804 48.622 87.428

Support Vector Machine (SVM) 14459 12822 86.454 91.514

MNDWI 10320 10320 100 100

Minimum Distance 11937 11277 71.374 80.487

2010 ISO 22305 21738 92.697 95.115

K-means 27470 27446 75.268 75.333

Maximum Likelihood (MLC) 18608 17072 88.887 78.889

Neural Network (NN) 21100 23512 67.991 77.938

Support Vector Machine (SVM) 23284 26305 88.799 78.601

MNDWI 20676 20676 100 100

Minimum Distance 22704 23714 71.068 70.189

2015 ISO 15021 14460 98.163 94.212

K-means 18919 15142 80.855 98.976

Maximum Likelihood (MLC) 11760 15043 69.923 98.312

Neural Network (NN) 22901 18445 66.796 82.933

Support Vector Machine (SVM) 13562 18007 87.207 84.950

MNDWI 15297 15297 100 100

Minimum Distance 22583 18244 67.737 83.847

Table 2. The percentage accuracy of various classification techniques w.r.t. MNDWI
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Fig. 3. Variation of each technique before and after enhancement with its vaiation with MNDWI values for year i)2005, ii)2010, iii) 2015

Similarly, Puzhal lake boundaries are affected with water 

intrusion in the surrounding areas during high intense rainfall 

and water through Adyar river basin. The main advantage is 

that requirement of fresh water for surrounding places is 

efficient and the supply cost becomes minimal with increase 

in levels of reservoir. With increase in land acquisition and 

population density, Chennai being a metropolitan city, the 

area surrounded by water bodies for safety aspects is 

reducing thereby, causing guaranteed damages due to water 

clogging or water intrusion in built-up areas. 

CONCLUSIONS

Employing index vs classified pixel comparison 

technique has resulted in  aiding in selecting  most reliable 

technique for identifying various water features for a Landsat 

satellite imagery collection. The index vs classified pixels 

comparison technique adopted has resulted in suggesting 

the most suitable technique for identifying various water 

features for a Landsat satellite imagery collection. Out of 

SVM and ISO techniques, decision to implement the 

specified technique depends on the amount and accuracy of 

training datasets taken in SVM. ISO data classification 

techniques, being an iterative process is a hit and trial 

procedure to decide the number of iterations nevertheless 

more accurate contrarily more time taking technique. Due to 

non-availability of high-quality data, any classification 

algorithm   works on clustering identical pixels using various 

methods. The availability of high-resolution data increases 

the accuracy of training samples thereby classified image. 

Google Earth Historical Imagery service has transformed the 

accuracy in collecting training dataset for Supervised 

classification and the classification algorithms dependency 

on manually collected data has reduced. The application of 

google earth depository has proved efficient for extracting 

water features thereby comparison with MNDWI index cross-

verified the outcomes and also illustrated the effect of 

landuse changes is a major factor for reducing water extent 

thereby might cause disturbance in environmental balance 

leading to several disasters. The study might be helpful for 

the local and global bodies to work on the effects incurring 

due to drastic change in attributes from regional to global 

level, and thus aware decision makers to control changing 

landuse characteristics.
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Tree Diversity and Structure Around Galela Lake, 
North minush Halmahera Indonesia

Indian Journal of Ecology (2018) 45(4): 704-710

Abstract: 

Identification, Importance value, Tree

This study aims to determine the species of trees around Lake Galela. Data collection was carried out using a transect with a length 

of 500 m in 4 directions determined by the position of the lake as a central point. Four observation stations are divided into 24 observation plots. 
2  The distance of each 100 m plot to occupy 20 x 20 m Data collection includes tree species, number of individuals, frequency and extent of tree 

base. Data analysis is carried out with an important vegetation index. The results showed  that Lake Galela found 37 tree species from 20 

families. Diversity index (H') at 4 station in the high category, diversity indices value generally showed that species trees has a diverse 

population. The IVI  results show that the tree species with high importance values differs from station to station. species from the four stations 

that have the highest importance (IVI), namely: Natural Forest area, F. variegata, Plantation area, C. nucifera, Tourisem area, M. indica and 

around the River area,  A. pinnata. This dominant type of tree needs to be conserved because it has a function of water absorption, infiltration, 

shade, soil retention for sustainability ecosystem surrounding Galela Lake.

Keywords:  Diversity, 
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Galela lake is the largest lake in the region of North 

Maluku at the North halmahera with extents reach ± 250 

Hectare and  lake is surrounded 13 village .This lake has only 

one temporal inlet without outlets, so the water is stuck in the 

Galela Lake relatively longer than other lakes. Sustainability 

of the lake were faced with over the function of land on 

landscape area of forests into agricultural land or from 

agricultural land into non agricultural. This will affect the 

hydrological characteristics of the lake, not to mention added 

anthropogenic activity (Yang 2016). Vegetation to level trees 

play an important role in the landscape area as it includes the 

conservation of soil and water (Wiryani 2018). Erskine (2006) 

and Kacholi (2014) explains how vegetation forms part of a 

broader goal of conserving natural resources which also 

includes the conservation of other resources. Tree roots hold 

the soil together so as to minimize erosion also help the 

absorption and storage of water in the rainy season which will 

later be released into the ecosystem surrounding as a 

function of filtration and absorption (Zinabu 2015). Results of 

identification, calculation of diversity index and important 

value index of vegetation for tree levels around the Galela 

lake  is an important instrument in assessing forest 

sustainability for the conservation of  the  lake ecosystem. 

Purpose of this study is as a reference information on 

conservation conditions and tips that can be taken to 

preserve the Galela lake considering as very little information 

about this area. This study aims to find out and cover tree 

species around the lake and knowledge of this tree species 

can be used as a basis for decision making and management 

of the lake area. 

MATERIAL AND METHODS

Study area and data collection: Sampling point represents 

the landscape  area of the lake which is divided into 4 

observation stations forest area, plantation area, tourisem 

area and inlet (River). These 4 observation stations are 

divided into 24 observation plots. Observation of the 

structure and composition of vegetation starts from the banks 

of the lake to a radius of 500 m (Fig. 1, Table 1). From each 

observation station vegetation samples were taken using 

quadratic plots according to the vegetation growth phase 20 x 

20 m for trees. Data collection was conducted for number of 

tree, frequency, and basal area.

Data analysis: Identification of tree species around Lake 

Galela was done using Heyne (1987) identification  manual.  

Data analysis was conducted to calculate diversity, the 

importance value of observed tree species involving the 

calculation of relative density, relative frequencies and 

relative dominances. Shannon and Weaver (1949), 

Velbuena et al (2012)  diversity index were calculated:



Fig. 1. Observation station Galela Lake

Observation
station

Observation
plot

Latitude Longitude

Natural Forest 1 1°49'20.49"U 127°49'45.55"T

2 1°49'22.15"U 127°49'48.35"T

3 1°49'24.37"U 127°49'51.03"T

4 1°49'26.83"U 127°49'53.51"T

5 1°49'29.18"U 127°49'55.90"T

6 1°49'31.04"U 127°49'58.49"T

Plantation 1 1°49'33.92"U 127°49'0.41"T

2 1°49'36.48"U 127°49'2.22"T

3 1°49'39.28"U 127°49'3.94"T

4 1°49'42.09"U 127°49'5.77"T

5 1°49'44.71"U 127°49'7.75"T

6 1°49'47.04"U 127°49'9.71"T

Tourisem area 1 1°49'24.18"U 127°48'18.08"T

2 1°49'26.63"U 127°48'15.69"T

3 1°49'29.40"U 127°48'13.73"T

4 1°49'31.83"U 127°48'11.53"T

5 1°49'33.99"U 127°48'9.17"T

6 1°49'36.11"U 127°48'6.71"T

River area 1 1°48'50.74"U 127°49'17.04"T

2 1°48'47.23"U 127°49'14.83"T

3 1°48'43.87"U 127°49'14.14"T

4 1°48'40.69"U 127°49'15.15"T

5 1°48'37.84"U 127°49'16.91"T

6 1°48'34.98"U 127°49'17.60"T

Table 1. GPS location of different station under study

where Pi is the proportion of species and R is the number 

of species.

Calculation of importance value of vegetation was 

conducted with Mueller and Ellenberg (1974) and Bower et al 

(1997) method:

RESULTS AND DISCUSSION

There are 37 species of trees from 20 families and 

dominated by the family moraceae (7 species), 

Anacardiaceae  (4 species), Arecaceae and Sterculiaceae (3 

species) (Table 2). The distribution of tree species in family 

presented in Figure 2. The types of trees community around 

Galela lake can be classified into planting forests and natural 

forests. Plantations dominated by coconut (C. nucifera),  

nutmeg (M. fragrans)  and cacao (T. cacao). Natural forest is 

dominated by Gondang (F. variegata),  Bering in (F. 

benjamina)  dan Aren (A. pinnata).  In observation  found 
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Local name Indonesian name Scientific name Families

Ngededoro Katimaha Kleinhovia hospita L. Sterculiaceae

Goriotho Kedondong Spondias dulcis Park

Toro Gondang Ficus variegata Blume Moraceae

Dinga Benda Artocarpus elasticus Reinw. ex Moraceae

Samoma Ara bereteh Ficus tinctoria G. Forst. Moraceae

Seho Aren Arenga pinnata Merr. Arecaceae

Igo Kelapa Cocos nucifera L. Arecaceae

Pisang Pisang Musa paradisiaca L. Musaceae

Mulu bebe Pisang  galela Musa paradisiaca Musaceae

Kapok Kapuk randu Ceiba pentandra (L.) Gaertn Bombacaceae

Kelo Kelor Moringa oleifera Lam. Moringaceae

Gosora Pala Myristica fragrans Houtt. Myristicaceae

Durian Durian Durio zibethinus Murray Bombaca ceae

Ngaahe Matoa Pometia pinnata J.R.& G.Forst Sapindaceae

Bululawa Cengkih  Syzygium aromaticum Myrtaceae

Waringi Beringin Ficus benjamina L. Moraceae

Amo Sukun Artocarpus altilis (Park) Fosberg. Moraceae

Naka Nangka Artocarpus heterophyllus Lam. Moraceae

Gamkonora Cempedak Artocarpus integer (Thunb.) Merr Moraceae

Lasa Langsat Lansium domesticum Corrêa Meliaceae

Wale Mangga Mangifera indica L. Anacardiaceae

Jati Jati Tectona grandis Linn.f Verbenaceae

Ligua Linggua Pterocarpus indicus Willd. Fabaceae

Gersen Kersen Muntingia calabura L. Elaeocarpaceae

Gufasa Kayu  biti Vitex cofassus Reinw.ex. Bl. Verbenaceae

Coklat kakao Theobroma cacao L. Sterculiaceae

Kayu tolor  Pulai Alstonia scholaris R.Br. Apocynaceae

Kopi Kopi Coffea arabica L. Rubiaceae

Balibi Belimbing Averrhoa carambola L. Oxalidaceae

Niha Kenari Canarium maluense Lautrb. Burseraceae

Ruki Melinjo Gnetum gnemon L. Gnetaceae

Gora Jambu Syzygium malaccense (L.) Merr. Myrtaceae

Pena Pohon pinang Areca catechu L. Arecaceae

Wale stinki Kuweni Mangifera odorata Anacardiaceae

Ulewe Pandan duri Pandanus tectorius Park. ex Zucc. Pandanaceae

Ngame Dahu Dracontomelon dao Merr.Rolfe Anacardiaceae

Katapa Ketapang Terminalia katapa Sterculiaceae

Table 2. Results of identification tree species around Lake Galela

banana cultivars endemic from North Molucas, namely Mulu 

Bebe. Results of calculation on the number of species, 

frequency, basal area, important index are given  in Tables 3-6

The diversity index in tree species around Galela 

Lakemaximum (4,359) in Station 4 (high diversity category). 

The lowest index was in station II, because station II is a 

plantation area which tends to be controlled by certain tree 

species. Plantation areas around Galela Lake are still 

multicultural and not in the form of monoculture land with tree 

diversity index of 3,154. Three categories of species diversity 

according to Shannon-Weiner, Index value >3 is high 

diversity, because it has a high number of individuals and 

stability in each species. Index 1-3 is medium, have numbers 

of individuals and stability moderate in each species. Index 

value <1 describes low diversity, the number of individuals in 

each species and low stability (Mokoginta 2016). Diversity 

index showed the relationship between the overall number of 

species with individuals representating community. 
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Scientific name Ó Ind 2BA (Cm ) Freq RDy RF RD IVI (%)

Kleinhovia hospita L. 5 575,24 3 6,82 4,84 1,76 13,51

Spondiasdulcis Park 2 447,85 2 1,82 3,23 1,37 6,44

Ficus variegata Blume 7 4.211,78 5 15,91 8,06 12,85 37,04

Artocarpuselasticus Reinw. ex 3 1.605,41 3 4,09 4,84 4,90 13,88

Ficus tinctoria G. Forst. 4 703,50 4 7,27 6,45 2,15 15,97

Arenga pinnata Merr. 6 1.560,51 3 8,18 4,84 4,76 17,89

Cocos nucifera L. 5 1.791,40 3 8,18 4,84 5,47 17,22

Musaparadisiaca L. 2 644,90 2 1,82 3,23 1,97 7,04

Ceibapentandra (L.) Gaertn 1 3.184,71 1 0,45 1,61 9,72 11,79

Moringa oleifera Lam. 2 390,13 2 1,82 3,23 1,19 6,26

Myristicafragrans Houtt. 2 644,90 2 1,82 3,23 1,97 7,04

Duriozibethinus Murray 2 963,38 2 1,82 3,23 2,94 8,01

Pometia pinnata J.R.& G. Forst 3 2.300,96 3 4,09 4,84 7,02 16,01

Ficus benjamina L. 5 963,38 4 9,09 6,45 2,94 18,61

Artocarpus altilis (Park) Fosberg. 3 1.345,54 4 5,45 6,45 4,11 16,09

Alstonia scholaris R.Br. 2 2.579,62 3 2,73 4,84 7,87 15,47

Gnetum gnemon L. 2 286,62 1 0,91 1,61 0,87 3,41

Arecacatechu L. 3 199,04 3 4,09 4,84 0,61 9,59

Terminalia katapa 2 2.038,22 2 1,82 3,23 6,22 11,29

Mangiferafoetida Lour. 2 2.874,20 2 1,82 3,23 8,77 13,84

Canarium maluense Lautrb. 3 2.874,20 3 4,09 4,84 8,77 17,76

Dracontomelon dao Merr.Rolfe 3 390,13 3 4,09 4,84 1,19 10,18

Pandanustectorius Park. ex Zucc. 2 199,04 2 1,82 3,23 0,61 5,68

Total 62 100,00 100,00 100,00 300,00

Table 3. Number of species, frequency, basal area, important index in station I(Natural Forest).

Ó Ind: Number of Individual, BA: Basal Area, frek: frequency, RDy: Relative Density, RF: Relative Frequency, RD: Dominansi Relatif, IVI: Important Value Index, H': 
Diversity Index
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Fig. 2. Trees species in different families
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Scientific name Ó Ind 2BA (Cm ) Freq RDy RF RD IVI (%)

Kleinhovia hospita L. 4 575,24 2 9,30 7,14 2,60 19,05

Spondiasdulcis Park 1 447,85 1 1,16 3,57 2,03 6,76

Ficus variegata Blume 3 4.211,78 2 6,98 7,14 19,07 33,18

Artocarpuselasticus Reinw. ex 1 1.605,41 1 1,16 3,57 7,27 12,00

Averrhoa carambola L. 2 644,90 2 4,65 7,14 0,00 11,79

Arenga pinnata Merr. 2 1.560,51 2 4,65 7,14 7,06 18,86

Cocos nucifera L. 2 1.791,40 1 2,33 3,57 8,11 14,01

Musaparadisiaca L. 2 644,90 2 4,65 7,14 2,92 14,71

Moringa oleifera Lam. 1 390,13 1 1,16 3,57 1,77 6,50

Artocarpus altilis (Park) Fosberg. 2 1.345,54 2 4,65 7,14 6,09 17,88

Mangifera indica L. 5 7.165,61 4 23,26 14,29 32,44 69,98

Tectona grandis Linn.f 2 644,90 2 4,65 7,14 2,92 14,71

Ficus benjamina L. 5 561,78 3 17,44 10,71 2,54 30,70

Pterocarpus indicus Willd. 4 1.146,50 3 13,95 10,71 5,19 29,86

Total 100,00 100,00 100,00 300,00

Table 5. Number of species, frequency, basal area, important value index in station III (Tourism area)

Ó Ind: Number of Individual, BA: Basal Area, frek: frequency, RDy: Relative Density, RF: Relative Frequency, RD: Dominansi Relatif, IVI: Important Value Index, H': 
Diversity Index

Scientific Name Ó Ind 2BA ( Cm ) Freq RDy RF RD IVI (%)

Spondiasdulcis Park 1 447,85 2 1,11 6,25 2,86 10,22

Artocarpuselasticus Reinw. ex 2 1605,41 2 2,22 6,25 10,25 18,72

Arenga pinnata Merr. 2 1560,51 2 2,22 6,25 9,96 18,43

Cocos nucifera L. 13 1791,40 5 36,11 15,63 11,43 63,17

Myristicafragrans Houtt. 11 644,90 5 30,56 15,63 4,12 50,30

Pometia pinnata J.R. & G. Forst 1 2300,96 1 0,56 3,13 14,69 18,37

Artocarpus altilis (Park) Fosberg. 3 1345,54 2 3,33 6,25 8,59 18,17

Artocarpus heterophyllus Lam. 2 509,55 2 2,22 6,25 3,25 11,72

Artocarpus integer (Thunb.) Merr 1 561,78 1 0,56 3,13 3,59 7,27

Lansiumdomesticum Corrêa 2 447,85 2 2,22 6,25 2,86 11,33

Theobroma cacao L. 7 390,13 4 15,56 12,50 2,49 30,55

Syzygiummalaccense (L.) Merr. 1 1560,51 1 0,56 3,13 9,96 13,64

Arecacatechu L. 2 199,04 2 2,22 6,25 1,27 9,74

Dracontomelon dao Merr. Rolfe 1 2300,96 1 0,56 3,13 14,69 18,37

Total 100,00 100,00 100,00 300,00

Table 4. Number of species, frequency, basal area, important index instation (Plantation)

Ó Ind: Number of Individual, BA: Basal Area, frek: frequency, RDy: Relative Density, RF: Relative Frequency, RD: Dominansi Relatif, IVI: Important Value Index, H': 
Diversity Index

Distribution of trees on station 1 and4  illustrate the potential 

of tree as springs vegetation that protects water supply to 

Galela Lake, and this can be seen in the frequency of 

presence of each type of tree that is dominated by C. 

nucifera, M.  fragrans, F. variegata, F. benjamina, T.  cacao, 

and A. pinnata. Basal area of tree indicated the coverage of 

particular species (Zilliox and Frédéric 2014). The more 

trees, potentially giving larger roots and impact on the 

existence of groundwater discharge. The basal area of tree 

trunks in station I,II III and IV was maximum in F. variegata , P. 

pinnata  M. Indica and F. variegata.

The important index of trees around Galela Lake at 

station I was maximum for F. Variegata and F. benjamina (37, 

04 and 18, 61). In Station II, the highest index value is occupied 

by C. nucifera ( 63, 17). M.  fragrans and  T.  cacao. In station 

III the dominant is M. indica with index value 69,98, followed F. 

variegata. In station IV, A. Pinnata has the highest index (24, 

49) followed C. nucifera. Three dominant plantation plants 

(coconut, nutmeg and cacao) around the Gelela Lake have 

special conservation value for the ecosystem. The 

conservative function of coconut is as a good holder of soil and 

water.  Arachchi et al (1998) explain how C. nucifera hold the 

708 Hendro Christi Suhry, Tri Retnaningsih Soeprobowati and Jumari



Observation station H'

I       Forest 4,359

II      Plantation 3,154

III    Duma Peninsula 3,615

IV    Inlet 4,300

Table 7. Diversity Index (H') of trees

Scientific name Ó Ind 2BA (Cm ) Freq RDy RF RD IVI (%)

Kleinhovia hospita L. 1 390,13 1 0,66 2,04 1,59 4,29

Spondiasdulcis Park 1 796,18 1 0,66 2,04 3,24 5,94

Ficus variegata Blume 1 4.211,78 1 0,66 2,04 17,13 19,83

Arenga pinnata Merr. 6 1.560,51 3 11,92 6,12 6,35 24,39

Cocos nucifera L. 5 1.791,40 3 9,93 6,12 7,28 23,34

Musaparadisiaca L. 5 644,90 3 9,93 6,12 2,62 18,68

Musaparadisiaca 6 644,90 2 7,95 4.00 2,62 14,65

Ceibapentandra (L.) Gaertn 2 199,04 2 2,65 4,08 0,81 7,54

Moringa oleifera Lam. 1 390,13 1 0,66 2,04 1,59 4,29

Myristicafragrans Houtt. 3 644,90 3 5,96 6,12 2,62 14,70

Duriozibethinus Murray 1 644,90 1 0,66 2,04 2,62 5,33

Pometia pinnata J.R.& G. Forst 1 2.300,96 1 0,66 2,04 9,36 12,06

Artocarpus integer (Thunb.) Merr 2 644,90 2 2,65 4,08 2,62 9,35

Alstonia scholaris R.Br. 1 2.579,62 1 0,66 2,04 10,49 13,19

Mangifera indica L. 3 2.300,96 3 5,96 6,12 9,36 21,44

Tectona grandis Linn.f 3 644,90 1 1,99 2,04 2,62 6,65

Muntingia calabura L. 4 390,13 3 7,95 6,12 1,59 15,66

Coffea arabica L. 3 390,13 3 5,96 6,12 1,59 13,67

Averrhoa carambola L. 2 199,04 2 2,65 4,08 0,81 7,54

Canarium maluense Lautrb. 2 1.791,40 2 2,65 4,08 7,28 14,01

Syzygiummalaccense (L.) Merr. 2 644,90 2 2,65 4,08 2,62 9,35

Arecacatechu L. 3 199,04 3 5,96 6,12 0,81 12,89

Pandanustectorius Park. ex Zucc. 2 199,04 2 2,65 4,08 0,81 7,54

Dracontomelon dao Merr.Rolfe 3 390,13 3 5,96 6,12 1,59 13,67

Total 100,00 100,00 100,00 300,00

Table 6. Number of species, frequency, basal area, important value index in station IV River 

Ó Ind: Number of Individual, BA: Basal Area, frek: frequency, RDy: Relative Density, RF: Relative Frequency, RD: Dominansi Relatif, IVI: Important Value Index, H': 
Diversity Index

soil and use absorption water. Gomies et al (2007) reveals 

consumption and water storage by coconut said both occur 

stomata function control. Patty and Kastanja (2013) stated that 

M. fragrans is one of the mainstay plantation commodities 

besides coconut in the Galela Region. Nutmeg can be used as 

a shade plant and can also be used as a filler plant between 

coconut plantations (Thangaselvabai et al 2011). Nurmi et al  

(2012) observed  that the age of older cocoa (25-27 months) 

on the lower slope (10-15%) increase the total volume of 

infiltrated water into the soil (17,31 mm) thus causing a lower 

surface flow.

Ficus groups generally have the ability to use and 

adaptation of water more conservative (Hao 2013) and has a 

deep and wide root system, trees produces artistektur which 

include branching and spacious canopy reduces the speed of 

the precipitation,  the soil surface tends to decrease so that 

the quality of infiltration of water to the soil is better. Restricted 

water is released slowly reducing the risk of erosion in sloping 

areas (Soejono  2011, Soejono et al 2013). The dominant 

species of Ficus members around the Galela lake areF.  

variegata and F. benjamina.  The existence of  Mango trees 

around the Galela lake for the Tanjung Duma area 

(1°49'26.63"U, 127°48'15.69"T) has a high conservative 

value concerning religious sites, where these trees witness to 

the early spread of Christianity who guarded and preserved. 

A.  pinnata potential for ecological recovery and land 

rehabilitation, aren has a root system that contributes to the 

conservation of soil and water, its contribution to the 

ecosystems occupied and its compatibility with other plant 

species (Martini and Roshetk 2011).The present study can 

be used as an alternative guide to preserve the area and 

maintain communities trees and their habitats for 

sustainability of the ecosystem around  Galela Lake.
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CONCLUSION

Tree communities around Lake Gelela have an important 

function in the process of water absorption, infiltration, shade, 

soil retention. The quality and quantity of tree-level vegetation 

resources around Galela Lake be protected and will increase 

the durability of this lake ecosystem for environmental 

changes through capacity and land use. 
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Assessment of Floristic Diversity of different Coniferous 
Forests in Himalayan Temperate Climate of Western Himalayas

Indian Journal of Ecology (2018) 45(4): 711-716

Abstract: Floristic studies have acquired increasing importance in recent years in response to the need of developing countries to assess their 

plant wealth. The present study was carried out in different coniferous forests of Western Himalayas in the mountainous and diversity rich state 

of Himachal Pradesh. The forest type that represents the major coniferous forest species in the present study are FT1 - Chir (Pinus roxburghii), 

FT2 - Deodar (Cedrus deodara), FT3 - Kail (Pinus wallichiana), FT4 - Fir/Spruce (Abies pindrow/ Picea smithiana) and FT5 - Chilgoza (Pinus 

gerardiana). The study revealed 21 tree species, 40 shrub species and 93 herb species contributing to a total of 154 species in all the forest 

types. FT2 (Deodar) and FT4 (Fir/Spruce) showed maximum (60) of total plant species where a least (32) number of plant species found in FT5 

(Chilgoza). FT2 - FT3 - FT4 found to be more similar to each other for shrub and herb species presence than FT1 (Chil) and least of similarity to 

FT5 (Chilgoza). Plant family representation showed dominance of Pinaceae + Fagaceae for trees; shrubs and herbs from Rosaceae and 

Poaceae + Asteraceae family.

Keywords: Floristic diversity, Coniferous forest, Similarity and dissimilarity indices 
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The Himalayas are the world's youngest and highest 

mountains, possessing diverse vegetation and hence are 

important locations for research into ecology and biodiversity 

conservation (Pei 2001). These geodynamical young 

mountains are not only important from the stand point of 

climate and as a provider of life, giving water to a large part of 

the Indian subcontinent, but they also harbor a rich variety of 

flora, fauna, human communities and cultural diversity 

(Singh 2006) constituting one of the richest and most unusual 

ecosystems on earth (Salick et al 2009). The State of 

Himachal Pradesh, an important/ imperial part of Western 

Himalayas and is one of the most fascinating mountainous 

states that harbors a rich floristic diversity of immense 

scientific interest covering about 11% of total Himalayan land 
2mass with a geographical area of 55,673 km .Western 

Himalayas not only supports huge floristic diversity (Sharma 

et al 2010a), but also stores large carbon stocks (Sharma et 

al 2010b, Dar and Sundarapandian 2015a, 2015b). 

Himalayan forests ecosystem and biodiversity is liable to 

biotic as well as abiotic interferences which include grazing, 

overexploitation, habitat loss and fragmentation,pollution, 

global climate change,invasions of alien species, human 

encroachment and other anthropogenic pressures which 

results in disruption of community structure. The plant 

community structure and distribution pattern of Himalayan 

forests are poorly understood (Peer et al 2007). It becomes 

very imperative to collect knowledge on the biodiversity and 

its distribution within the ecologically important and sensitive 

area for proper conservation and better management of the 

natural resources. Therefore, the present work is 

emphasized to assess floristic composition, similarity index 

and dissimilarity index of different coniferous forests of 

Himalayan temperate region.

MATERIAL AND METHODS

The study was carried out in Kullu and Kinnaur districts 

of Himachal Pradesh. The major coniferous forest type that 

represents the study area are FT1 - Chir (Pinus roxburghii), 

FT2 - Deodar (Cedrus deodara), FT3 - Kail (Pinus 

wallichiana), FT4 - Fir/Spruce (Abies pindrow/ Picea 

smithiana) and FT5 - Chilgoza (Pinus gerardiana). These 

species occurs either pure or mixed with other associates. In 

each forest type 9 quadrats of size (31.6 2x 31.62 m ) were 

randomly laid out to study tree species. The tree species 

includes all the saplings, poles and associates present in the 

study area. The shrub and herbaceous species were studied 

by laying 27 quadrats of size 5 x 5m and 1 x 1m respectively 

for shrub and herb randomly in each forest type. Indices of 

similarity and dissimilarity were calculated following (Mishra 

1989).

RESULTS AND DISCUSSION

Floristic composition: Twenty- tree species, 40 shrub 

species and 93 herb species contributed to a total of 154 

species in all the forest types. The number of tree, shrub and 

herb species present in different forest type viz., FT4 - 



Treatments (Forest 
types)

Altitude 
range (m)

Type (according to Champion & Seth) Dominant tree 
species

Coordinates

FT - Chir pine1 1000-1600m (9/C b)-Upper Himalayan Chir Pine forest1 Pinus roxburghii 31°39'65'' and 31°45'79'' N
77°19'07'' and 77°18'01'' E

FT - Deodar2 1800-2400m (12/C c)-Moist Deodar Forest1 Cedrus deodara 31°37'03'' and 31°34'81'' N
77°20'67'' and 77°21'59'' E

FT - Blue Pine3 1750-2350m (12/C f)-Low level Blue Pine forest1 Pinus wallichiana 31°37'35'' and 31°36'51'' N
77°20'58'' and 77°25'87'' E

FT - Fir / Spruce4 2400-3000m (12/C d)-Western Mixed Coniferous forest1 Abies pindrow
Picea smithiana

31°30'21'' and 31°47'92'' N
77°22'79'' and 77°25'83'' E

FT - Chilgoza5 2300-2750m (13/C a)-Neoza Pine forest2 Pinus gerardiana 31°30'29'' and 31°47'51'' N
78°08'04'' and 78°25'18'' E

Table 1. Coniferous forest types under study

Category Treatments (Forest types)

FT -  1

Chir pine
FT -  2

Deodar
FT -  3

Blue Pine
FT -  4

Fir / Spruce
FT -  5

Chilgoza
Total

Trees 9 8 8 9 3 37

Shrubs 15 18 14 13 9 69

Herbs 26 34 32 38 20 150

Total 50 60 54 60 32 256

Table 2. Inventory of trees, shrubs and herbs in different 
coniferous forest

Trees Family FT - Chir  1

pine
FT -  2

Deodar
FT - Blue  3

Pine
FT - Fir /  4

Spruce
FT -  5

Chilgoza
Total  representation   

in forest type

Abies pindrow Pinaceae - + + + - 3

Aesculus indica Sapindaceae - - - + - 1

Bauhinia variegata Caesalpiniaceae + - - - - 1

Cedrus deodara Pinaceae + + + + + 5

Juglans regia Juglandaceae - - + - - 1

Lyonia ovalifolia Ericaceae + + - - - 2

Myrica esculanta Myricaceae + - - - - 1

Neolitsea pallens Lauraceae - - + - - 1

Picea smithiana Pinaceae - + + + - 3

Pinus gerardiana Pinaceae - - - - + 1

Pinus roxburghii Pinaceae + - - - - 1

Pinus wallichiana Pinaceae + + + + + 5

Populus ciliata Salicaceae - - - + - 1

Prunus cerasoides Rosaceae - + - - - 1

Prunus cornuta Rosaceae - - + + - 2

Pyrus pashia Rosaceae + - - - - 1

Quercus floribunda Fagaceae - - + - - 1

Quercus lecucotrichophora Fagaceae + + - - - 2

Quercus semicarpifolia Fagaceae - - - + - 1

Rhododendron arboreum Ericaceae + + - - - 2

Taxus baccata Taxaceae - - - + - 1

9 8 8 9 3 37

Table 3. Tree species under different coniferous forest

Fir/Spruce forest and FT5 - Deodar forest showed maximum 

number (60) of plant vegetation. It was followed by FT3 – 

Blue Pine, FT1 – Chir Pine and least was in FT5 – Chilgoza 

pine. 

Plant families (Table 3-5) representation in the flora 

revealed that in this region tree species are primarily from 

Pinaceae, Fagaceae, Rosaceae family. Shrubs are from 

Rosaceae, Berberidaceae, Caprifoliaceae whereas, 
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Shrubs Family FT - Chir  1

pine
FT -  2

Deodar
FT - Blue  3

Pine
FT - Fir /  4

Spruce
FT -  5

Chilgoza
Total representation  

in forest type

Abelia trifolium Fabaceae - - - - + 1

Berberis aristata Berberidaceae + + + + + 5

B. lycium Berberidaceae - + + - + 3

Boenninghausenia albiflora Rutaceae - + - - - 1

Carissa carandus Apocynaceae + - - - - 1

Coriaria nepalensis Coriariaceae + - - - - 1

Cotoneaster bacillaris Rosaceae - + + + - 3

Daphne canabiana Thymelaeceae - + + + - 3

D. papyracea Thymelaeceae + - - -  1

Debregeasia salicifolia Urticaceae + - - - - 1

Desmodium elegans Fabaceae - - - + - 1

D. tilaefoilium Fabaceae - - - - + 1

Deutzia compacta Hydrangeaceae - + + + - 3

Elaegnus parviflora Elaeagnaceae - +  + - 2

Ephedra gerardiana Ephedraceae - - - - + 1

Lantana camara Verbenaceae + - - - - 1

Lonicera acuminata Caprifoliaceae - - - + - 1

L. hipsida Caprifoliaceae - +  -  1

L.hypoleuca Caprifoliaceae - - - - + 1

L. quinquelocularis Caprifoliaceae + - - - + 2

Myrisine africana Myrsinaceae + + - - - 2

Plectranthus rugosus Lamiaceae - - +  + 2

Prinsepia utilis Rosaceae + + + + - 4

Rhus cotinus Anacardiaceae - + - - - 1

Ribes emodense Grossulariaceae - - - + - 1

R. brunonii Rosaceae - + - - - 1

R.macrophylla Rosaceae - + - - - 1

R. moschata Rosaceae + + + - - 3

R. sericea Rosaceae - - - + - 1

R. webbiana Rosaceae - - - - + 1

Rubus ellipticus Rosaceae + + + + - 4

Sarcococca saligna Buxaceae  + + + - 3

Skimmia laureola Rutaceae - + + - - 2

Spiraea bella Sims Rosaceae - - + - - 1

Viburnum cotinifolium Adoxaceae - + + + - 3

Viburnum mullaha Adoxaceae - - + - - 1

Wikstroemia canescens Thymelaeaceae + - - - - 1

Woodfordia fruticosa Lythraceae + - - - - 1

Zanthoxylum alatum Rutaceae + - - - - 1

Ziziphus mauritiana Rhamnaceae + - - - - 1

15 18 14 13 9 69

Table 4. Shrub species under different coniferous forest

he rbaceous  f l o ra  be longed  to  Poaceae  and  

Asteraeae.Similar dominance of the plant families in forests 

of Himalayan region has been reported earlier by Gairola et 

al(2009) and Kumar et al(2016).

Similarity and dissimilarity index: The value of similarity 

index (Table 6) for trees was maximum (0.59) between FT1-

FT2 and FT3-FT4. For shrubs similarity index was 

maximum (0.63) between FT2-FT3 followed by FT3-FT4. In 
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Herbs/Grasses/Ferns/
Forbs

Family FT - Chir  1

pine
FT -  2

Deodar
FT - Blue  3

Pine
FT - Fir /  4

Spruce
FT -  5

Chilgoza
Total representation  

in forest type

Achyranthes aspera Amaranthaceae + - - - - 1

A. bidentata Amaranthaceae - + +  - 2

Aconogonum alpinum Polygonaceae - - - + - 1

Adiantum venustum Pteridaceae - -  + - 1

Agrimonia eupatorium Rosaceae - -  + - 1

A. pilosa Rosaceae + + + + - 4

Agropyron longearistatum Poaceae - - - - + 1

A. semicostatum Poaceae - - - - + 1

A. pilosula Poaceae - - - + - 1

Ajuga bracteosa Lamiaceae + + - - - 2

Anaphalis busua Asteraceae + - - + - 2

Anemone polyanthes Ranunculaceae - - -  + 1

Apluda mutica Poaceae + + + + - 4

Arisaema intermedium Araceae - + + - - 2

Artemisia brevifolia Asteraceae - - - - + 1

Aa maritima Asteraceae - - - - + 1

A. roxburghiana Asteraceae + - + - - 2

A. scorparia Asteraceae - - - - + 1

Aster albescens Asteraceae - - - + - 1

Astragalus candoleanus Fabaceae - - - - + 1

Athyium schimperi Dryopteridaceae - + + - - 2

Barleria  cristata Acanthaceae + + + + - 4

Bergenia ciliata Saxifragaceaae - + - + - 2

Bidens pilosa Asteraceae + - - - - 1

Bunium persium Apiaceae - - - - + 1

Bupleurum candollii Apiaceae - - - + - 1

Carpesium cernuum Asteraceae - - - + - 1

Chenopodium album Chenopodiaceae + + - - - 2

Chenopodium botrys Chenopodiaceae - - - - + 1

Cynodon dactylon Poaceae + - + - - 2

Cynoglossum glochidiatum Boraginaceae - - - + - 1

Dactylis glomerata Poaceae + - - - - 1

Dianthus angulatus Caryophyllaceae - - - - + 1

Dichanthium annulatum Poaceae + - - - - 1

Digitaria  stricta Poaceae + - - - - 1

Table 5. Herb species under different coniferous forest

Dryopteris juxtaposita Sinopteridaceae - + + + - 3

D. nigropaleacea Sinopteridaceae - - - + - 1

Eragrostis nutans Poaceae - - + - - 1

Erigeron annuus Asteraceae - - - - - 1

Fimbristylis complanata Cyperaceae + - - - - 1

F. rigidula Cyperaceae - + + - - 2

Fragaria nubicola Rosaceae - + - - - 1

F. vesca Rosaceae - + + + - 3

Galinsoga parviflora Asteraceae - - - + - 1

Galium aparine Rubiaceae - - - - + 1
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Geranium wallichianum Geraniaceae - - - + - 1

Hedera helix Araliaceae - + + + - 3

H. nepalensis Araliaceae - - - + - 1

Heteropogon contortus Poaceae + - - - - 1

Impatiens brachycentra Balsaminaceae - - - - + 1

Lactuca benthamii Asteraceae - - - - + 1

Leucas lanata Lamiaceae + - - - - 1

Micromeria biflora Lamiaceae - - - + - 1

Oenothera rosea Onagraceae - + + + - 3

Onychium spp. Cryptogrammaceae -   + - 1

Onychium contiguum - Fern Cryptogrammaceae - + + - - 2

Origanum vulgare Lamiacaea + +  + + 4

Oxalis corniculata Oxalidaceae + + + + - 3

Parthenium hysterophorus Asteraceae + - - - - 1

Plantago erosa Plantaginaceae - + - - - 1

P. lanceolata Plantaginaceae - - + - - 1

P. tibetica Plantaginaceae - - + - - 1

Plumbago zeylanica Plumbaginaceae - - - + - 1

Polygonum vaccinifolium Polygonaceae - - - + - 1

Polystichum squarrosum Dryopteridaceae - + + - - 2

Potentilla atrosanguinea Rosaceae - - -  + 1

Primula denticulata Primulaceae - - - + - 1

Prunella vulgaris Lamiaceae - - - + - 1

Ranunculus adoxifolius Ranunculaceae - - - + - 1

Roscoea capitata Rosaceae - - + - - 1

Rubia cordifolia Rubiaceae + + + - - 3

Rumex nepalensis Polygonaceae + + + - - 3

Salvia glutinosa Lamiaceae - + - + + 3

Sanicula europea Apiaceae - - - + - 1

Senecio chrysanthemoides Compositae - - - - + 1

Setaria glauca Poaceae + - - - - 1

Smilax parvifolia Smilaceae - + + - - 2

Solanum indicum Solanaceae + + + + - 4

Sonchus asper Asteraceae - + + - - 2

Sopubia trifida Scrophulariaceae - - - - + 1

Strobilanthes alatus Acanthaceae - - + - - 1

Tagetes minuta Asteraceae + - - - - 1

Taraxacum officinale Asteraceae - + - - - 1

Thalictrum foliosum Ranunculaceae - + + - - 2

Themeda anathera Poaceae + +  + - 3

Thymus serphyllum Lamiaceae - + + + + 4

Trifolium pratense Fabaceae - + + + - 3

Urtica parviflora Urticaceae - + + - - 2

Valeriana jatamansi Valerianaceae - + - + - 2

Verbascum thapsus Scrophulariaceae - -  - + 1

Viola canescens Violaceae - - + - - 1

V. pilosa           Violaceae - - - + - 1

V. serpens Violaceae + + + - - 3

26 34 32 38 20 150
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(S)/(D) FT -  1

Chir 
pine

FT -  2

Deodar
FT -  3

Blue Pine
FT -  4

Fir / 
Spruce

FT -  5

Chilgoza

A. Trees

FT - Chir pine1 - 0.59 0.24 0.22 0.33

FT - Deodar2 0.41 - 0.5 0.47 0.36

FT - Blue Pine3 0.76 0.5 - 0.59 0.36

FT - Fir / 4 0.78 0.53 0.41 - 0.33

FT - Chilgoza5 0.67 0.64 0.64 0.67 -

B. Shrubs

FT - Chir pine1 - 0.3 0.27 0.21 0.17

FT - Deodar2 0.7 - 0.63 0.52 0.15

FT - Blue Pine3 0.73 0.37 - 0.59 0.26

FT - Fir / 4 0.79 0.48 0.41 - 0.09

FT - Chilgoza5 0.83 0.85 0.74 0.91 -

C. Herbs

FT - Chir pine1 - 0.4 0.34 0.25 0.04

FT - Deodar2 0.6 - 0.73 0.42 0.11

FT - Blue Pine3 0.66 0.27 - 0.31 0.04

FT -Fir/Spruce4 0.75 0.58 0.69 - 0.1

FT - Chilgoza5 0.96 0.89 0.96 0.9 -

Table 6. Index of similarity and dissimilarity of trees, shrubs 
and herbs in different coniferous forest

herbs, maximum similarity (0.73) was between FT2-FT3 

followed by FT2-FT4 with minimum FT1-FT5. Suyal et al 

(2010) propounded that close proximity results in high 

similarity index of vegetation the same could be related to 

grouping of forest based on similarity index of the present 

study.

CONCLUSION

The 21 tree species, 40 shrub species and 93 herb 

species contributing to a total of 154 species in all the forest 

types. FT2 (Deodar) and FT4 (Fir/Spruce) showed maximum 

(60) of total plant species where a least (32) number of plant 

species in FT5 (Chilgoza). Plant family representation 

showed dominance of Pinaceae and Fagaceae  for trees, 

shrubs and herbs from Rosaceae and Poaceae + Asteraceae 

family. FT2- FT3 - FT4 were more similar to each other for 

shrub and herb species presence than FT1 (Chil) and least of 

similarity to FT5 (Chilgoza).
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Spatial Assessment of Net Canopy Photosynthetic Rate and 
Species Diversity in Pichavaram Mangrove Forest, Tamil Nadu 

Indian Journal of Ecology (2018) 45(4): 717-723

Abstract: Species diversity of mangroves in Pichavaram is studied using the Important value index (IVI) and its net canopy photosynthetic rate 

is estimated based on Normalised Difference Vegetation Index (NDVI)–Leaf Area Index (LAI) approach. The study area is predominantly 

covered with Avicennia marina followed by Rhizophora apiculata, Excoecaria agallocha and Rhizophora mucronata. The estimated net 
-1 -1canopy photosynthetic rate of Pichavaram mangrove forest is 29686.14 tC yr  with Avicennia patches contributing to 28096.27 tC yr  and by 

-1 -1Rhizophora patches 1589.87 tC yr . Average net canopy photosynthetic rate of Avicennia and Rhizophora mangrove patches is 41.30 tC ha  
-1 -1 -1 yr  and 22.79 tC ha  yr respectively.
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Manuscript Number: 2748
NAAS Rating: 4.96

1 1
P. Pandi Selvam,  Gejo Anna Geevarghese , Purvaja Ramachandran  and 

1Ramesh Ramachandran 
1Institute of Ocean Management, National Centre for Sustainable Coastal Management, Ministry of Environment, Forest 

and Climate Change (Govt. of India), Anna University Campus, Chennai – 600 025, India
E-mail: pandiselvamsp@gmail.com

Photosynthesis is the mechanism by which plants 

synthesize nutrients from CO  and water in the presence of 2

sunlight. Net Photosynthetic rate (P ) is a measure of the CO  n 2

absorptive capacity of plant leaves excluding day time 

respiration. Leaf content and structure, environmental setting 

and the kind of photosynthetic response by diverse leaf types 

determines the photosynthetic capacity of forests (Mooney et 

al 1984). The leaves of tropical forest trees form dense crown 

cover and live for an average of about one year. Among the 

tropical forest ecosystems, mangrove forests are the most 

productive ecosystems though considerable variation exists 

within various mangrove areas. Normalized Difference 

Vegetation Index (NDVI) – Leaf Area Index (LAI) proxy 

approach is one of the best methods for the estimation of 

productivity of mangroves (Ishil and Tateda 2004, Kovacs et 

al 2004)

The structure of mangrove forest is determined by the 

species present in the ecosystem and its spatial distribution. 

Mangrove forests exhibit zonation pattern. The species 

zonation depends upon the environmental setting of the 

ecosystem such as tidal inundation, freshwater flow, 

geomorphology, succession, seed dispersion, soil, elevation, 

climate and physicochemical parameters (Ellison et al 2000, 

McKee 1993). Net primary production varies depending on 

zonation pattern. The present study explores the CO  2

assimilation potential of Pichavaram mangroves in terms of 

net photosynthetic rate. For this, a mangrove zonation map is  

created along with species diversity analysis.

MATERIAL AND METHODS

Study site: The Pichavaram reserve forest is located within 

latitudes 11º 23' and 11º 27' north and longitudes 79º 45' and 

79º 49' east of 4Tamil Nadu, South India (Fig. 1). It is situated 

in between Vellar & Coleroon rivers and 243 kms away from 

south of Chennai. The forest is surrounded by fishing 

villages, agriculture lands, aquaculture ponds and Bay of 

Bengal in the east. The freshwater is received only during the 

monsoon seasons in the mangrove forest area. Total number 

of 13 mangrove species is present in the forest (Selvam et al 

2010) considered for the study.

Phytosociological analysis: Based on the quantitative 

study of density, frequency and dominance, Importance 

Value Index was calculated (Curtis 1959). As per Cintron and 

Novelli (1984) and Mishra et al (2005) twenty quadrats of 

10m*10m dimensions were laid randomly on species-wise 

density distribution map (Fig. 1). Species composition along 

with circumference measurement was taken at 1.3 m from 

the base for taller trees and for shorter ones the diameter 

below the first branch of plant is considered for determining 

the basal area (Cougo et al 2015).

Importance Value Index (IVI) = Relative density + Relative 

frequency + Relative dominance 

Relative density, frequency, dominance and their relative 

values and importance value index (IVI) of mangrove species 

were also calculated.  

Mangrove community zonation: Landsat 8 OLI image with 

30*30m pixel size dated 04 May was used for developing the 



Fig. 1. Sampling location in the Pichavaram mangrove forest

community/species level map of Pichavaram mangroves. 

The dataset was subjected to digital classification involving 

ISODATA classifiers. The resultant classes were coded 

based on the dominance of the species evaluated through 

Importance Value Index developed from sample plots. 

Net canopy photosynthetic rate: Mangrove canopy 

structure can be studied from Leaf Area Index (LAI) which is a 

function of canopy transmittance. LAI is defined as the single 

side leaf area per unit ground area, which is a dimensionless 

number. Mangrove LAI was estimated based on gap fraction 

analysis (Clough et al 1997 and Green et al 1997). Leaf Area 

Index was measured by using an AccuPAR LP-80 

Ceptometer. The linear probe containing sensors measures 

the incoming photosynthetically active radiations (PAR) 

between 400 -700nm wavelengths. The readings were taken 

from each of the 20 sample plots of 10x10m between 10.00 – 

14.00 hrs to maintain the solar zenith angle below 45°. At 

each location, 5 measurements were taken crisscrossing the 

plots diagonally and the readings were then averaged to get a 

single LAI value. Ground truth points collected from the 

centre of each of the plots were utilized for estimating the 

accuracy of the classified map. 

NDVI Image was developed from the same Landsat 8 

OLI image using the equation proposed by Rouse et al 1974 

from spectral bands of Infrared and red.

NDVI = Infra-red - Red/ Infra-red + Red (Equation.1)

 Field measurements showed a linear relationship 

existing between NDVI and LAI. Values of LAI estimated from 

in situ measurements of canopy transmittance were 

regressed against NDVI values (equation.1) derived from the 

image data. The linear regression model was then used to 

develop the thematic map of LAI with a coefficient of 
2determination (R ) of more than 0.96 (Fig. 2). The net 

photosynthetic rate is calculated based on English et al 

(1994)

P  =A*d*Ln

-2A = average rate of photosynthesis (gC m  leaf area/ hr) 

for all leaves in the canopy

d = Day length (hr), L = total leaf area index of the canopy 

above the ground 

Average rate of photosynthesis for mangrove species 

were taken from Nandy and Ghose (2005). 

RESULTS AND DISCUSSION

Species distribution: The distribution of mangroves in 

Pichavaram is almost similar except in few areas.  In all the 

20 plots surveyed, Avicennia marina was spotted as the 

common species and even the same species was selected 

for restoration practices (Table 1). Seven plots representing 

the core forest area also depicted the dominance of 

Avicennia marina whereas fringe forest area is covered with 

the Rhizophora apiculata and Rhizophora mucronata. As per 

the present study the Pichavaram forest is covered with only 

0.84% of Excoecaria agallocha though once it was mostly 

consisted of this species. Avicennia marina survived and 

spread all along the forest area due to the adaptation in 

halophytic conditions (Nguyen et al 2015).

Avicennia marina recorded the highest IVI (235) 

followed by Rhizophora apiculata, Excoecaria agallocha, 

and Rhizophora mucronata (Table 2). Avicennia marina 

species alone occupied 94.67% of the forest, Rhizophora 

apiculata 1.09% and rest of the other species is less than a 

percentage each. Similar approach for studying the diversity 

was followed in different mangrove ecosystems in India 

(Mishra et al 2005, Joshi and Ghose 2014, Vijayan et al 2015, 

Telave and  Ghodake 2016).

Watercourse that runs through the Pichavaram 

mangroves in the southeasterly direction divides the 

landmass into two distinct parts in terms of plant density. The 

landward side with more drainage channels harbours dense 

mangroves compared to the seaward side. Diversity 

increases towards the core of the forest with species like 
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Species list Relative 
density

Relative 
frequency

Relative 
abundance

IVI

Excoecaria agallocha 0.82 9.3 0.42 10.54

Aegiceras corniculatum 0.27 2.33 0 2.6

Rhizophora apiculata 1.09 11.73 1.79 14.61

Avicennia officinalis 0.14 2.32 0.51 2.97

Rhizophora annamalayana 0.27 4.65 0.79 5.71

Rhizophora mucronata 0.68 6.98 1.57 9.23

Lumnitzera racemosa 0.96 6.98 0.6 8.54

Bruguiera cylindrica 0.96 6.97 0.37 8.3

Ceriops decandra 0.14 2.32 0.04 2.5

Avicennia marina 94.67 46.42 93.91 235

Table 2. IVI of mangrove species in Pichavaram
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Fig. 2. Correlations between LAI and NDVI

Code Sampling stations

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Ai  - - - - - - - - - - - - - - - - - - -

Ac - + - - - - - - - - - - - - - - - - - -

Am + + + + + + + + + + + + + + + + + + + +

Ao - - + - - - - - - - - - - - - - - - - -

Bc - - - - - - - - - - + - - - + + - - - -

Cd - - - - - - - - - - + - - - - - - - - -

Ea + - - - - - - - - - + - - - + + - - - -

Lr - - - - - - - - - + - - - - + + - - - -

R.ap - + - + + - - - - - + - - - - - - + - -

Rm - - - - + + - - - - - - - - - + - - - -

R.an - - - + + - - - - - - - - - - - - - - -

Sa - - - - - - - - - - - - - - - - - - - -

Xm - - - - - - - - - - - - - - - - - - - -

Table 1. Distribution of mangrove species in different locations

Ai-Acanthus ilicifolius, Ac-Aegiceras corniculatum, Am-Avicennia marina, Ao-Avicennia officinalis, Bc-Bruguiera cylindrical, Cd-Ceriops decandra, Ea-Excoecaria 
agallocha, Lr-Lumnitzera racemosa, R.ap-Rhizophora apiculata, Rm-Rhizophora mucronata, R.an- Rhizophora annamalayana, Sa-Sonneratia apetala, Xm-
Xylocarpus mekongensis

Bruguiera cylindrica, Ceriops decandra, Excoecaria 

agallocha, Avicennia marina, Lumnitzera racemosa, 

Rhizophora apiculata and Rhizophora mucronata (sampling 

station 11,15 and 16), though the IVI depicts the dominance 

of A. marina. The rivulets of the Uppanar river drenches the 

central part with fresh water giving rise to dense mangrove 

vegetation and this also accounts for its diversity. This area is 

endowed with pristine mangrove vegetation compared to 

peripheral areas covering restored degraded mangroves. 

The core area accounts to about 680.22 ha with highest 

species diversity in the whole forest area. The southern end 

of Pichavaram mangrove forest is covered with plantation of 

A. marina of approximately 5-20 years old (sampling station 

18, 19 and 20). The fringes of the small islands in the northern 

side are occupied by dense Rhizophora apiculata and R. 

mucronata. The interior part of the islands comprises of 

purely Avicennia marina. Being close to the river mouth that 

opens to the sea, tidal influences are high on these islands 

inhibiting the growth of low saline water preferring 

mangroves. The growth of Rhizophora spp. along the 

periphery of the islands also prevents the erosion and thus 

favouring the survival of Avicennia marina. As per study, A. 

marina is  moving to the extent of a monoculture due to the 

intensive plantation exercise and prevalent drainage 

conditions. Thanikaimoni (1987) also reported that Avicennia 

officinalis and Lumnitzera racemosa is becoming rare. In the 

present study species like Sonneratia apetala, Xylocarpus 

mekongensis and Acanthus ilicifolius were not spotted during 

the survey. According to Caratini et al (1973) in Pichavaram 

mangrove forest once supported fresh water preferring 

species like Xylocarpus granatum, Kandelia candel, 
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Bruguiera gymnorrhiza and Sonneratia apetala. Reduction in 

fresh water flow (Gnanapazham and Selvam 2014, 

Sathyanathan et al 2014) might have caused the decline of 

these species. Approximately 3000 years before the 

vegetation pattern of Pichavaram mangrove were different 

and Sonneratia apetala, S. caseolaris and Nypa fruticans 

were present (Srivastava et al 2012). Seventeen true 

mangrove species was recorded from Tamil Nadu coast 

(Ragavan et al 2016), among which thirteen species was 

spotted from Pichavaram mangroves indicates its capacity to 

nurture diverse flora. Acanthus ilicifolius, Aegiceras 

corniculatum, Avicennia officinalis, Ceriops decandra, 

Sonneratia apetala and Xylocarpus mekongensis were only 

in limited numbers and the total loss of these species from 

this area is a future possibility. Other mangrove covering 

areas of Tamil Nadu like Muthupet, Gulf of Mannar, and 

Tanjore stretch holds less species diversity than the 

Pichavaram (Selvam et al 2004). Second to forest 

exploitation, changes in the salinity is the main reason for the 

species extinction (Ahmed et al 2011). Freshwater flow in the 

water channel has reduced over a period of 80 years due to 

the construction of dams in the upstream catchment areas, 

utilization of water for agriculture, and aquaculture 

(Gnanapazham and Selvam 2014). 

  

Mangrove Zonation: Avicennia marina occupying the inner 

areas, Rhizophora mucronata and Rhizophora apiculata 

along the fringes forms the two mangrove zones of 

Pichavaram. Species diversity also depicts the dominance of 

Avicennia marina followed by the Rhizophora spp. Spectral 

reflectance of these two zones show markable variation on 

Landsat 8 pixels of 30*30m. It is reported that majority of the 

mangrove forest was in degraded condition in 1980s 

(Krishnamurthy and Jeyaseelan 1984), and since 1990s this 

degraded area were planted with saplings mostly of A.marina 

and Rhizophora spp. and the plantation with other species 

were not so successful (Selvam 2003). This can be the major 

reason for the prominence of these two mangrove zones. 

The requirement of daily tidal flushing and stilt root system is 

helping the growth of Rhizophora spp.  along the fringes. 

Pristine mangroves are located in the inner region of 

Pichavaram around the geographic coordinates of 

11°25'31.77"N 79°47'41.21"E. Few pockets of  stunted 

mangroves are located in the southern portion near T.S Pettai  

(11°24'50"N 79°48'21"E) due to less freshwater flow and 

nutrient supplements (Mitra and Zaman 2015). 

Multi species restoration 

practices involving Bruguiera cylindrica, Sonneratia apetala 

and Xylocarpusgranatum (Selvam 2003) was also a failure in 

this area. It is essential to maintain the species diversity to 

improve the biodiversity and ecosystem productivity (Hendy 

et al 2014,Qiu et al 2015 and Gascon et al 2015).

Net canopy photosynthesis rate (NPR):  NDVI values for 

mangroves varied between 0.014 - 0.42. The lowest NDVI 

value is recorded for plantation or young plants, mostly of 

Avicennia marina. Mature natural forest comprising mostly of 

Avicennia marina depicted the highest NDVI value. LAI map 

derived from the NDVI image varied within a range of 0.3- 4.5. 

LAI values of Avicennia patches varied from 0.66 to 4.26 and 

that of Rhizophora patches from 1.12 to 4.13. Based on this, 

the study area was segmented into three classes viz., low 

(LAI<2), medium (LAI 2-4) and high density (LAI>4) with a 

canopy cover of 10-40%, 40-70%, >70% respectively. Pixels 

representing LAI > 4 are mainly of older plants with average 

age of more than 30 years with a DBH of 25-30cm.

Low density (LAI<2) Avicennia patches cover 38.25 ha 

mostly comprising of young mangrove plantation; Medium 

density mangrove (LAI 2-4) occupies the majority of the 

forest area with (619.47 ha) is mostly planted between the 

period 1990-2000. High density mangrove occupies less 

area of 22.5 ha (LAI<4).  In the case of Rhizophora spp,  low 

density (LAI<2) covered 15.3 ha, mostly planted mangroves, 

medium density mangrove (LAI 2-4) covers 52.92 ha  and 

occupies along the fringes with an average width of 20m. 

High density Rhizophora spp. of 1.53 ha grows along with 

high density Avicennia species in the core area (Table 3).

The average NPR of the low density Avicennia patches 
-1 -1 -1 -1is 20.19 tC ha yr , medium density recorded 42.22 tC ha yr  

-1 -1 -1 -1  and of high density is 52 tC ha  yr . NPR of 13.94 tC ha  yr ,
-1 -1 -1 -125.02 tC ha  yr  and 34.34 tC ha  yr  were recorded for low, 

medium and high density Rhizophora plants respectively 

(Table 5). High production rate of Avicennia patches is 

attributed to the faster growth and adaptability in the higher 

saline areas (Nguyen et al 2015). Overall, Avicennia patches 
-1have the capacity to assimilate 28096.27 tC yr  and 

-1Rhizophora patches of 1589.87 tC yr .

The canopy photosynthetic production rate of 
-1Pichavaram mangroves is 29686.14 tC yr  of which 94.64% 

is contributed by Avicennia marina patches and 5.36% by 

Rhizophora patch respectively. Though other 11 more 

species (Table 1) are spotted, they are of comparatively 

negligible in extent and is often found interspersed with the A. 

marina patches. Maximum patch size of these species is to 
2the extent of only about 5-10 m . Limitation of medium 

resolution data set in delineation of these species spatially 

constrained the classification of mangroves into only two 

classes viz., A.marina (IVI value 235) and Rhizophora spp. 

(IVI value 29.55). The age of the plant also determines the 

photosynthesis rate, where the average rate of 
2photosynthesis of 5 years old R.apiculata was 0.26 g C/ (m  

2h), 18 years old R.apiculata & A.marina was 0.38 gC/ m  h 

and 85 years old R.apiculata & Bruguiera gymnorrhiza with 
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2understory of Acrostichum aureum was 0.43 gC/ (m  h) in 

Malaysian mangroves (Alongi et al 2004). 

In the present study, the average NPR of  Rhizophora  

patches with a low crown cover is  within the range of 2.76 - 
-2 -1 4.61 gC m  day whereas medium and high dense 

-2Rhizophora patches estimated to be within 4.63-9.25 gC m  
-1 -2 -1day  and 9.28-9.61 gC m  day  respectively. NPR of 14 -

-2 -114.94 gC m  day  is estimated for the natural high dense 

forest of Avicennia marina with a crown cover of >70%     

Community zones Low density
(LAI <2)

Medium density
(LAI 2-4)

High density
(LAI>4)

Avicennia patches 38.25 619.47 22.5

Rhizophora patches 15.3 52.92 1.53

Table 3. Mangrove density of Pichavaram mangroves (area 
in ha)

Community zones Low density
(LAI <2)

Medium density 
(LAI 2-4)

High density 
(LAI>4)

Avicennia patches 20.19 42.22 52.00

Rhizophora patches 13.94 25.02 34.34

Table 4. Average of Pichavaram mangroves (NPR in tC 
-1 -1ha  year )

NPR 

Fig. 3. Net canopy photosynthetic rate of Pichavaram 
mangrove forest

(Fig. 3). Highest NPR was estimated at the core area where 

the oldest trees of the forest are located. This part is mostly 

covered with Avicennia marina with a multilayer canopy 

having an LAI range of 4-4.26. For the same species with low 

and medium crown cover density the accounted NPR is 2.31- 
-2 -1 -2 -16.95 gC m  day and 7-13.95 gC m  day  respectively. 

Mature trees of Rhizophora spp. located along the 
-1fringes with dense canopy depicted low NPR (34.34 tC ha   

-1 -1 -1yr ) than Avicennia mangroves (52 tC ha  yr ) of similar 

density. Though A. marina depicted higher production rate, 

saline condition might also have an impact on its growth rate 

(Almahasheer et al 2016). The rise in osmotic pressure 

during high salinity and closure of stomata can affect the 

photosynthetic production of mangroves (Chen and Ye 

2014). Compared with Bruguiera gymnorrhiza, A.marina 

showed higher carbon dioxide exchange, leaf conductance 

and transpiration (Naidoo et al 1998). Improvement of forest 

health enhances carbon assimilation capacity and species 

mixing can also lead to good yield in mangroves (Lang'at et al 

2013). The lack of freshwater flow and low nutrient supplies 

give rise to stunted Avicennia marina and cause low carbon 

sink (Almahasheer et al 2016 and 2017). Temperature and 

sea level rise in the mangrove forest can affect the 

ecosystem (Yáñez-espinosa and Flores 2011). Disturbed 

mangrove forests register lowest production (Kihia et al 

2010). Disturbance in Pichavaram mangroves is mainly due 

to the aquaculture ponds and grazing of cattle from adjoining 

villages along the forest periphery.

CONCLUSION

Mangrove community zonation map of Pichavaram 

showed two major classes of mangrove cover, A. marina 

dominating the spatial spread with Rhizophora spp. along the 

margins. IVI helped to study the structural component of the 

ecosystem and functional aspects were explored through 

canopy analysis using remote sensing assisted with 

intensive field survey. The mangrove forests of Pichavaram 

exhibits less diversity. and hence, loss of a single tree of rare 

occurrence is also of a matter of concern. As forest changes 

its structural characteristics from a highly diverse and 

abundant system to a bimodal dominance, its functional 

indicators also behave in tandem. Only two dominant classes 

represented the whole ecosystem and its net production rate 

is comparatively lower than a mixed forest. Conserving and 

improving the health and diversity of the forest ecosystem 

can aid in maintaining the functional stability of the system. 

Improving the carbon assimilation capacity of the system by 

increasing the species diversity will not only enhances the 

local effects like the vibrancy of the ecosystem and its 

subsequent economic benefits towards its stakeholders but 
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also can ameliorate transboundary climatic conditions.
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Population Structure and Regeneration of Mahua (Madhuca longifolia 
Var. latifolia (Roxb.) A. Chev.) in Disturbed and Undisturbed Sites

Indian Journal of Ecology (2018) 45(4): 724-727

Abstract: The knowledge of stand structure, demography and regeneration play a vital role in conservation and management of forest genetic 

resources. Anthropogenic pressure may lead to change in the composition and structure of forest population. Mahua, Madhuca longifolia var. 

latifolia is one such species that has ecological and economical value in the country and having more pressure for its resources like seed and 

flowers. Study was conducted in the natural forest population of Mahua situated in two different ecological regions viz., southern Gujarat and 

south-eastern Gujarat. In each region, undisturbed and disturbed sites were demarcated and structure of these populations and natural 

regeneration were determined. The stand structure measured in terms of composition, density, frequency, basal area and importance value 

index resulted in differ among two ecological regions in Gujarat; however, such inferences between undisturbed and disturbed sites within a 

region resulted in fair differences. Tectona grandis and Terminalia tomentosa represented commonly in disturbed and undisturbed sites of 

Southern Gujarat along with Mahua (Madhuca longifolia var. latifolia); however, in south-eastern region, only Mahua is dominated. Age 

structure shows that there was a uneven pattern in distribution of Mahua individuals in studied sites, where young juveniles (<100 cm girth) 

were completely absent. Regeneration data revealed that, in undisturbed site, regeneration count was almost three times more as compared 

to disturbed sites. Study addresses the need of management intervention for conservation of Mahua genetic resources in India and particularly 

in Gujarat.
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Mahuva (Madhuca longifolia var. latifolia) is one of the 

ecologically and economically important species of Gujarat. 

Seed and flower of this species has commercial value and 

utilizing for various end products (Hegde et al 2017). 

Moreover, the forest dwellers and tribal people of Gujarat are 

collecting these resources regularly for domestic and sale 

purpose. Populations of Mahua are being protected by local 

community; however, due to the more anthropogenic 

pressure, many of these became disturbed sites (Anon 2013, 

Hegde et al 2018). Unchecked collection of Mahua products 

like flower and seeds resulted in disturbances of the 

populations. In Gujarat, rarely these populations are under 

the protection of families or sometime in the hands of 

communities. In many areas, Mahua trees are being 

protected by families/communities in such a way that, it has 

got the status of protection as similar as sacred groves. Good 

number of Mahua trees and populations are present in 

protected areas where ever the degree of protection is high. 

Factor of disturbance influences the composition, diversity, 

girth class distribution and natural regeneration.

The knowledge regarding the stand structure and natural 

regeneration is important for the conservation, management 

and utilization point of view in case of versatile threatened 

species and ultimately, it can be used as an indicator of overall 

biodiversity and habitat suitability (Staudhammer and LeMay 

2001). Moreover, stand structure and species diversity are 

two important and interrelated ecological and functional 

features of forest ecosystem (Pastorella and Paletto 2013). 

Natural regeneration and the growth of trees influence the 

spatial forest structure and, conversely, these ecological 

processes are a reaction to the spatial context (Pommerening 

2006). Unlike homogeneous plantations, management of 

natural forests relies largely on natural regeneration. The 

present field survey shows that, due to many anthropogenic 

disturbances, Mahua population are facing problem of natural 

regeneration in spite of producing huge quantity of viable 

seeds. Therefore, present study was undertaken to 

understand population structure and regeneration of Mahua 

in undisturbed and disturbed forests in southern Gujarat.

MATERIAL AND METHODS

Study was conducted in the natural forest stands of 

Mahuva in Gujarat. Preliminary survey has been made in 

different forests of the region and they were demarcated as 

disturbed and undisturbed Mahua population based on 

protection and anthropogenic parameters. In the study, two 

regions were considered namely, a) Southern Gujarat and b) 

South–east Gujarat. In each region, one disturbed and one 



undisturbed population of Mahua were selected to study of 

population structure and natural regeneration of Mahua. For 

disturbed conditions, forest populations situated at Netrang 

(Latitude - 21° 37 33 N and Longitude - 73° 23 42 E) Bilpudi 

(Latitude - 20° 30 36 N and Longitude - 73° 12 42 E) were 

considered, whereas for undisturbed condition, forest 

populations situated at Kanchanapari (Latitude - 21° 40 41 N 

and Longitude - 73° 11 19 E) and Anklas (Latitude - 20° 38 47 

N and Longitude - 73° 16 29 E) were selected. For each site, 

three quadrates of size 25 x 25m were laid out and species 

composition, tree density, growth and natural regenerations 

were recorded. Regeneration count, particularly for Mahua, 

was made in these quadrates by placing five plots of 1x1m 

size (four at all corners and one at the center) in each site. 

The number of recruits of mahua per plot was counted. The 

ecological parameters were determined by following Sharma 

(2016).

RESULTS AND DISCUSSION

Population structure and regeneration in South Gujarat 

region: Mahua is associated with six tree species in 

undisturbed and five disturbed forest populations (Table 1). 

Tectona grandis and Terminalia tomentosa were commonly 

recorded in both the sites. Acacia catechu, Adina cordifolia, 

Bombax ceiba, Syzygium cumini species were recorded in 

undisturbed site, whereas in disturbed site, population is 

composed of Acacia catechu, Bridelia retusa and Moringa 

oleifera. Interestingly, after Mahua, frequency of occurrence 

of Tectona grandis and Terminalia tomentosa was more in 

undisturbed site, whereas in disturbed site, frequency of 

Acacia catechu and Bridelia retusa was more as compared to 

frequency of Tectona grandis and Terminalia tomentosa. 

Tree density and basal area of Mahua were comparatively 

more in disturbed site (Bilpudi) than undisturbed site 

(Anklas). The IVI value indicated that Mahua distributed in 

disturbed site recorded higher value (179.81) as compared to 

undisturbed site (IVI of 118.78). In the study, undisturbed site 
-2 recorded maximum regeneration count i.e., 7.1 recruits m

-1with estimated value of 71333 recruits ha as compared to 
-1disturbed site (25000 recruits ha ).

Details of study site Tree Species Tree density Frequency
(%)

Basal area
2 -1(m  ha )

IVI Regeneration count

Per 
unit 
area 
(625 

2m )

Per 
hectare

2Per m Per ha

Min Max Mean Estimated

South Gujarat region

Anklas (Undisturbed 
Population)

Madhuca longifolia* 2.33 12.44 100.00 327.20 118.78 1 13 7.1 ± 2.5 71333

Other species

Acacia catechu 0.33 05.33 33.33 0.46 13.42 - - - -

Adina cordifolia 0.33 05.33 33.33 3.43 13.95 - - - -

Bombax ceiba 0.33 05.33 33.33 3.15 13.90 - - - -

Syzygium cumini 0.33 05.33 33.33 23.77 17.60 - - - -

Tectona grandis 0.67 05.33 66.67 2.31 27.08 - - - -

Terminalia tomentosa 2.33 12.44 100.00 196.29 95.27 - - - -

Bilpudi (Disturbed 
Population)

Madhuca longifolia* 2.67 14.22 100.00 522.54 179.81 0 5 2.5 ± 1.1 25000

Other species

Acacia catechu 0.67 05.33 66.67 2.64 33.82 - - - -

Bridelia retusa 0.67 05.33 66.67 7.02 34.63 - - - -

Moringa oleifera 0.33 05.33 33.33 0.46 16.75 - - - -

Tectona grandis 0.33 05.33 33.33 0.90 16.83 - - - -

Terminalia tomentosa 0.33 05.33 33.33 8.09 18.16 - - - -

South-east Gujarat region

Kanchanpari 
(Undisturbed Population)

Madhuca longifolia* 11.67 62.22 100.00 1851.13 300.00 7 37 16.2 ± 162000

Other species -Nil - - - - - - - - -

Netrang (Disturbed 
Population)

Madhuca longifolia* 4.00 21.33 100.00 2204.54 267.26 0 7 3.9 ± 0.5 39000

Other species

Bombax ceiba 0.33 05.33 33.33 1.05 32.74 - - - -

Table 1. Stand structure and regeneration of Mahua in undisturbed and disturbed forest population in Gujarat

IVI= Importance Value Index; *Madhucalongifolia var. latifolia (Mahua)
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Population structure and regeneration in South-east 

Gujarat region: The species composition of Mahua 

population was dominated by Mahua only, where undisturbed 

population of Kanchanpari composed of only Mahua species 
-1 with density of 62.22 individuals' ha and basal area of 1851.13 

2 -1m  ha  with IVI of 300. However, in the case of disturbed 

population of Netrang, Bombax ceiba tree witnessed with 

Mahua as associated. Tree density and basal area of Mahua 
-1 2 -1 were 21.33 individuals' ha and 2204.54 m  ha with IVI value 

of 267.26 (Table 1). Similar to south Gujarat region, 

Kanchanpari (Undisturbed) population recorded maximum 
-2 regeneration of 16.2 recruits m which leads to 162000 recruits 

-1ha and it was minimum in Netrang (Disturbed) population (3.9 
-2 -1recruits m and 39000recruits ha ). Overall regeneration of 

Mahua was highest (about three times more) than disturbed 

site in south-east Gujarat region, moreover, this pattern is also 

similar in the case of south Gujarat region.

Quantification of tree species distribution and 

abundance is also an important aspect as they contribute to 

the structural characteristics of the forest and provides 

resources and habitat for many species. Such ecological 

studies specific to individual species, which have commercial 

importance and ecological value are very important for 

further management. Ecological aspect of Mahua was not 

given much importance, even though people have drawn 

more benefits from this species. The population structure like 

composition, density and basal area of Mahua showed 

differences in studied regions. This could be due to change in 

biogeography habitat, climatic factors and disturbance 

features among studied area (Majumdar et al 2012). The, 

presence of Moringa oleifera was recorded in disturbed site 

and it clearly indicates that there is an anthropogenic 

pressure on Mahua population. Moreover, appearance of 

Acacia catechu and Bridelia retusa in disturbed site also 

supports the disturbances, where these species comes up in 

the canopy opening. Tree density and IVI values recorded for 

Mahua are fairly good in disturbed site of Netrang though it 

was low as compared to Kanchanpari undisturbed site. 

Information related to density, frequency and regeneration of 

Mahua in the study is in line with other studies. Mishra et al 
-1(2012) recorded density of Mahua with 12.78 trees ha  and 

frequency of 44.44 per cent in tropical moist deciduous forest 

of Similipal biosphere reserve of Orissa. Similarly, Sahu et al 

(2012) also noted Madhuca indica as one of the dominant 

species with IVI of 17.3 in tropical deciduous forest in 

Malyagiri hill ranges of Eastern Ghats, Odisha. In another 

study, Madhuca longifolia has been identified as the second 

dominant species in the forest areas of Birbhum district of 

West Bengal after Shorea robusta (Pradhan and Rahman 

2015). Age structure in terms of girth showed interesting 

pattern where maximum trees of Mahua distributed in the 

GBH classes between 100 and 250 cm (Fig. 1). However, 

except Kanchanpari undisturbed site, in all other populations 

Mahua trees with GBH below 100 cm were absent  and it 

shows uneven distribution of age class and needs 

management intervention for protection of Mahua forest.
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Fig. 1. Girth class distribution of Mahua in different study sites

726 H.T. Hegde, R.P. Gunaga, N.S. Thakur, S.K. Jha and M.J. Dobriyal



Experimental results showed that, disturbance level 

does not greatly affect the tree density, dominance and 

importance value index. However, disturbance level greatly 

affected the representation of juvenile trees and natural 

regeneration in the Mahua population. Field observation 

showed that more regeneration of Mahua in the area covered 

by leaf litter than open soils. The better natural regeneration 

was recorded in undisturbed sites, which is almost three 

times more than disturbed sites. In fact, regeneration is 

favoured by seeds dispersal agents like birds, bats and small 

animals and their activities were more in undisturbed 

conditions. Natural regeneration is much affected by 

anthropogenic pressure and disturbance. During the study 

period, ground fire, walking path, cattle movement, ground 

sweeping beneath the mahuva trees, fruits and seeds 

collection, insect damage was observed in disturbed sites. 

Seed viability and delay monsoon also affects the seed 

regeneration in natural forests. Loosening of social taboo due 

to the influence of modern lifestyle and agriculture (Gunaga 

et al 2013) could be one of the indiscriminate manners of tree 

management in Mahua. Increase in the disturbance or 

degradation decreases species richness (Mishra et al 2004).

CONCLUSION

The overall result showed that stand structure and 

regeneration found to be varied greatly among two studied 

regions; however, data regarding density, frequency, basal 

area and IVI does not much varied between undisturbed and 

disturbed sites within each geographic situation (region). 

Interestingly, natural regeneration recorded to be affected in 

disturbed sites of Mahua and resulted in poor regeneration; 

whereas in undisturbed sites, the regeneration of Mahua was 

quite good during studied period. Pattern of collection of 

flowers and seeds of Mahua along with other anthropogenic 

disturbances could be the factors responsible for poor natural 

regeneration of Mahua in disturbed sites. Data also showed 

that, all the studied populations represented by less number 

of sapling and young trees indicating need of management 

intervention, otherwise on long term, this pattern may affect 

the stand structure including composition and demography of 

Mahua in the natural forest system. Therefore, there is a 

need of serious attention to manage the demographic 

balance in the Mahua populations. Since people are involved 

in collection of Mahua resources, social approach by 

involving the local people in conservation would be a better 

synergetic strategy along with other protection measures for 

sustainable management and conservation of Mahua stands 

in the state of Gujarat as well as in the country.
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Classification of Al-Hammar Marshes Satellite Images in Iraq using 
Artificial Neural Network based on Coding Representation

Indian Journal of Ecology (2018) 45(4): 728-736

Abstract: Landsat satellite images of Hammar Marshes and surrounding district in (Dhi Qar) province in  Iraq are classified by 

back propagation artificial neural network (BPANN) for years 1991, 2000, 2015 and 2017. Firstly, Principle components analysis (PCA) is 

applied on six bands of these satellite images using MATLAB programming and the information of all six bands concentrated in first three 

principle component and then blended to form integrated image. The integrated image is classified using proposed method (BPANN) method 

based on encoding elements. In this proposed method (BPANN) two paths are considered training and classification. The estimated coded 

descriptors are input to the training and classification phases of the ANN. It is intended to prove that the encoding capabilities can lead to 

improve the classification accuracy. The training is useful to indicate the basic information about image classes that represented by some 

specified statistical features, while the classification uses the same features to produce the final classification results in terms of training 

results. Results evaluation is carried out for validation purpose. Then, quantitative and qualitative analysis is estimated to evaluate the 

performance of the proposed classification method. The results indicated that proposed BPANN method could classify all the image pixels 

efficiently, it has relatively achieved full discrimination results, where the final classification score 100%, which indicates that there is no pixel in 

the given image is left without classification, or false classified.  

Keywords: Classification, Landsat satellite images, Back propagation artificial neural network, Al-Hammar Marshes
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One of the main purposes of satellite remote sensing is 

to interpret the observed data and classify features. In 

addition to the approach of photo interpretation, quantitative 

analysis, which uses computer to label each pixel to 

particular spectral classes (called classification), is 

commonly used. Quantitative analysis can perform true 

multispectral analysis, make use of all the available 

brightness levels and obtain high quantitative accuracy. 

(James and Randolph 2011). The two general classification 

methods which are used most often are: supervised and 

unsupervised classification, The main difference between 

the two methods is that the classification observer built on 

real information about geographical phenomena given the 

current computer, while the rating unattended done in 

accordance with mathematical equations define gatherings 

clusters and thus classification categories, according to the 

relationship between the numeric values of the ranges of 

image (Gustavo, C et al 2011).Many methods of 

classification have been already proposed. (Fabio 2009) 

used Very high-resolution panchromatic images from 

QuickBird of four different urban environments: Las Vegas 

(U.S.A.), Rome (Italy), Washington D.C. (U.S.A.) and San 

Francisco (U.S.A.). He proposed method is based on the 

analysis of first and second-order multi-scale textural 

features extracted from panchromatic data. Neural Network 

Pruning and saliency measurements made it possible to 

determine the most important textural features for sub-metric 

spatial resolution imagery of urban scenes. Alaa et al (2911)) 

used two methods to extract feature vectors using (GLCM) 

for face classification. The first method extracts the well-

known Haralick features from the GLCM, and the second 

method directly uses GLCM by converting the matrix into a 

vector that can be used in the classification process. 

Mohanaiah et al (2013) presented application of gray level 

co-occurrence matrix (GLCM) to extract second order 

statistical texture features for motion estimation of images. 

The four features namely, angular second moment, 

correlation, inverse difference moment, and entropy are 

computed using Xilinx FPGA . Jincy B. Crystal and Stephy 

Joseph (2015) presented a new approach for attempting the 

land cover classification of satellite images by the integration 

of Artificial Neural Networks and Support Vector Machine. 

The proposed technique uses a novel combination of multi-

layer artificial neural network and multi-class SVM for the 

classification of land cover information. The experimental 

results evaluate the feasibility, performance and accuracy of 

the system by the construction of a confusion matrix. Shi 

Liang Zhang and Ting Cheng Chang (2015) proposed a 

model to extract feature information quickly and accurately 

identifying what cannot be achieved through traditional 



methods of remote sensing image classification.  In this 

paper, the classification is done using encoded descriptor 

elements of satellite image based on a neural network. 

Published literatures refer to the use of same image pixels to 

be input in the neural networks system, whilst the use of 

encoded pixels is newly suggested idea adopted to reach 

improved classification results 

MATERIAL AND METHODS

  Al-Hammar marshes which is one of the three biggest 

marshes are located in the southern parts of Iraq, is situated 

to the south of the Euphrates river they are approximately 

bounded by the following coordinates (longitude 30º 45'- 30º 

59' N, latitude 46º 25'- 47º 15' E") and has an area ranging 
2 2 from 2800 km  of contiguous permanent marsh to 4500 km

during flooding periods (Figure 1) was selected for present 

study. Four types of satellite image were consulted during the 

work, Landsat-5 (TM) satellite image (5/6/1991 and 

14/6/1991), Landsat-7 (ETM+) satellite image (6/6/2000 and 

13/6/2000) and Landsat-8 (16/6/2015 and 23/6/2015) and 

(OLI) satellite image (5/6/2017 and 12/6/2017) with 

(Path/Row166/39) and (Path/Row167/ 39). All four images 

are geometrically projected using Universal Transformed 

Mercator (UTM) coordinate system and World Geodetic 

System 1984 (WGS84) zone 38 and obtain from the USGS 

Earth Explorer database. Software programming ENVI is 

used for preprocessing satellite images of AL-Hammar 

marshes (Geometric, Atmospheric and Radiometric 

correction), Mosaic two scenes and Clipping the interest 

region. Then Principle components analysis (PCA) is applied 

on six bands of these satellite images using MATLAB. In this 

work, did not select the first principal component (PC1) as 

usual in this transform, but the most information PCs 
2components are chosen, the computed variance (ó ) can be 

measured the appearance of details in each PC band. For 

each year, the three components of the most variances are 

regarded as the three adopted components of the satellite 

image. The  PC  image produced depending on using the final

first three PCs image that contain the most details to create 

one PC  image. To determine the contribution weight of final

each PC component to produce the PC  image, we divided final

the variance of each component on the total variance of first 

three PCs using equations (1-2). A maximum weight will be 

specified to the first PC component denoted as w , while less 1

weight for the second PC as w , and then the least weight is 2

assigned for the third PC and denoted as w :3

PC  = w  x PC  + w  x PC  + w  x PC ……………(2)final 1 1 2 2 3 3
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Then PC   image is classified using proposed method back final

propagation artificial neural network (BPANN) as 

follows:

Satellite Image Classification Using proposed Method 

BPANN

The proposed satellite image classification consists of 

five primary steps followed by two phases: training, and 

classification (Figure 2). 

Image encoding: Image encoding stage is used to change 

the representation of image regions with others are more 

appreciable. The test image is partitioned into overlapped 

blocks; each block describes the behavior of the pixel lies in 

the center of the block. Then, a code array is estimated for 

each block to reflect the specific content of the image in that 

region. The following subsections explain more details about 

the three steps that employed to implement the adopted 

image encoding stage:

A-Image blocking: Image blocking is applied on the gray 

image (G ) to be partitioned into a specific number (N ) of S B

squared blocks, in which the size of each block is w xw . Each s s

block is like a window moving along the vertical and 

horizontal axes of the image with a shifting distance is equal 

to one pixel. Such that, N  is equal to the size of the image B

minus double w . In the present step, each pixel in the image s

that can be enclosed in w xw  window will be represented by s s

its corresponding image block (B ), where i, and j are pointers i,j

refer to the position of the current block in the image. The 

maximum value of i is equal to the width (W) of the image 

minus w , whereas the maximum value of j is equal to the s

Fig. 1. Location of study area within Iraq
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height (H) of the image minus w . Practically, it is found that s

the best value of N  is three, which gave most acceptable B

results. These spectral ranges are determined to be equal 

and extended along the grey scale, these useful ranges are 

R .= 0-84, R 85-169and  R =170-255 . Also, the useful size 1 2= 3

(w ) of the opened window is 3x3 pixels, in which the s

considered pixel lies at the center of the window. 

B-Block quantization: The quantization process is applied 

to each image block to determine the signature of intensity 

variation within the current pixel. The image block 

quantization is carried out by the standard procedure: for a 

given block B , one can assume that the number of grey ij

levels is (R ), and if the number of ranges is three, then R =0, N N

1, and 2. Such that N is one dimensional array in which N  is B 0

the number of pixels lies in the first grey range (R ), N  is the 0 1

number of pixels lies in the second grey range (R ), and N  is 1 2

the number of pixels lies in the second grey range (R ). Then, 2

a specific two dimensional quantized array Q(i,j) with same 

size of given block is created, the elements of this array is 

pointer refers to the range that the pixel of the original block 

lie on, i.e. the elements may be one of the values: 0, 1, and 2 

in corresponding to the ranges R , R , and R . The quantized 1 2 3
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Fig. 2. Block diagram of the proposed classification method BPANN

block corresponding to the original one, in such example, the 

three ranges are assumed to be equal with increasing 

amount of about 86 grey level, such that, the first range R  is 0

0-84, the second range R  is 85-169, the third range R  is 170-1 2

255 (Fig. 3a). The pixel lies in between the minimum and 

maximum value of each range is replaced by its range pointer 

in the quantized block (Fig. 3b). The practical tests show that 

the use of the larger block size (w ) leads to confuse the s

encoding results, it is found that the consideration of 5x5 pixel 

block size affects the results of code arrays due to less 

recognition may appear for more detailed image blocks. In 

other words, the larger block size may lead to include more 

pixels belonging to other classes, which make the tag of the 

code array to be larger and more similar to other blocks that 

belong to a different class. 

C- Code estimation: For each given image block, the 

produced code is two dimensional array representing the 

intensity signature of that block in the test image. This code 

array is determined by computing the number of transitions 

between successive quantized grey levels in the same image 

block. Therefore, the computing transition is a two 

dimensional array C(m,n), where both m and n are equal to 

R . Each element in C(m,n) is the number of right horizontal N
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36 143 78 0 1 0

237 112 82 2 1 0

92 41 196 1 0 2

(a) Original block (b) Quantized block

Fig. 3. Quantized block corresponding to the original one

transitions between pixel pointers in Q(i,j) that corresponds to 

the location m, n. Implies, C(0,0) is equal to the number of 

existing two horizontally adjacent pixels, each has pointer 

value of 0, while C(0,1) is equal to the number of existing two 

horizontally adjacent pixels, in which the pointer value of the 

first pixel is 0 and the pointer value of the second is 1. As a 

result, the code array represents the frequency of appearing 

any two grey levels that are adjacent in the current block

 Features Extraction

Features are extracted from the code array to describe 

the behavior of each pixel in the image. This process is a 

computer procedure based on a mathematical approach 

enables to recognize current pixel automatically by extracting 

its textural features. The probability computation is a primary 

stage due to the statistical features is depending on the 

probability in their computations. The following subsections 

explain the two steps of the feature extraction stage:

a- Probability computations: The probability computation 

requires considering a window of size (w xw )for each pixel to s s

estimate the frequency that leads to determine probability P 

(i, j) of the current pixel. Such that, the code array C(i,j) is 

representing a recognizable signature for each pixel in the 

image, which can be used to compute the probability of the 

pixel appearance in the image block. Since transition array is 

computed as the frequency of appearing each quantized 

pixel in the considered window, the probability P(i,j) of current 

pixel is produced by normalizing the summation of C(i,j) with 
Tits transposed array C (i,j), the summation is used to credit 

the summitry of the produced array. The normalization is 

implemented by dividing each element in P(i,j) by the total 

numerical sum (S ) of all elements in P(i,j) (equation 3) which T

is used to credit the produced values of P(i,j) are in between 

0-1. 

The description of each pixel in the image based on using its 

3x3 code array, such description depends on determining the 

probability P  of each code array C  of the quantized image ij ij

block Q  that belong to the pixel G . ij xy

b- Features computation: The features want to be extracted 

are depending on the probability P(i,j) of each pixel. The 

computations of such features are related to the details found 

P (I,j) = 
ST

tC(I, j) + C  (I,j)
...........(3)

in the considered image region, which leads to determine a 

specific probability of pixel appearance for each pixel in the 

image and then specify distinct features for this pixel. The 

seven computed features are stored in a features vector f  to i

be employed in the next stage. The mean (µ) and variance i

2(ó ) of the resulted values of the adopted eleven features for 

satellite image sample for year 1991.

Features preparation: Features preparation stage is a 

modification process carried out on the features vectors to 

make them more reliable for the classification task. In this 

stage, each feature in the features vector is regarded as a 

descriptor, which must be examined for inspection of its 

behavior if it is stable and gives acceptable results of 

discrimination or not. Furthermore, this stage considers the 

collective behavior of all descriptors together, and searches 

to exclude the descriptor that inverts its behavior when it 

integrates with others. Therefore, features selection is 

adopted to consider each descriptor in terms of different 

subjects related to their values, ranges, and responses. 

Then, the succeeded descriptors are modified by using the 

normalization to be useful in the classification task.

a- Features selection: The computed features vector is 

varying according to the great variations of fine details found 

in the satellite image. The interfering of windows needed to 

estimate the features vector of adjacent pixels is lead to 

interfere the ranges of computed feature values. Therefore, it 

is necessary to check the discrimination between the ranges 

of the used features that belong to different regions in same 

image. The problem when considering many feature 

descriptors is that there is less scattering for each descriptor, 

and closer centers of these descriptors. Such problem can be 

exceeded by employing the feature selection to credit the 

trust ranges of all used feature descriptors. 

b- Features normalization: The used features are resulted 

in different ranges, it is intended to make its values extended 

between the range (-1 to 1). This process requires using a 

linear fitting for modeling the relation between the behaviors 

of each feature (F ) and the new intended behavior (F ) of S N

normalized features. The determination of minimum (Min) 

and maximum (Max) values of each feature that 

corresponding to a minimum (-1) and maximum (1) values of 

the normalized range enable to compute the normalized 

feature value (F ) using the linear relationship given in N

equation 4.

Training Phase

The application of ANN need to a previous knowledge 

about the data that deal with. The previous knowledge comes 

from training ANN to know more about the materials data. 

The supervised training requires existence a confident 

F = 2 x N

F  – MinS

(Max – Min)
-1,,,,,,,,,,,,, (4)
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classified image to indicate the class of each pixel. For the 

purpose of training, the classification information is stored in 

a codebook table to be compared with the simultaneous 

classification results of the designed back propagation 

artificial neural network (BPANN). The continuous 

comparison of the training results leads to back propagate 

the results and modify the weights of the designed ANN 

according to the true classification information found in the 

codebook table, which enable to improve the training and 

achieving better classification results at each training loop. 

The way by which the codebook is constructed and how 

training the designed BPANN are explained in the following 

subsections:

a- Codebook estimation: The codebook is built depending 

on the confident classification information available for the 

same test image. For each pixel in the test image, the class is 

determined and stored in the codebook table. The first 

column of this table contains the class title of the pixel, while 

the second column contained the codeword of the meant 

pixel the length of the first column is equal to the total number 

of pixels in the image (Table 1). The existence of all pixels in 

the codebook table makes some redundancy in the 

information, such that a redundancy removing procedure 

should be carried out to abstract the codebook table. The 

third column in the codebook table contains a set of the 

eleven adopted descriptive features that belong to the 

current pixel.

b- BPANN design: The use of back propagation training 

method for supervised learning is the best one that can 

achieve accepted results. The structure of designing ANN 

based on back propagation algorithm consists of three 

layers: input layer (I), hidden layer (H), and output layer (O). 

In addition to the base of each layer, there are eight nodes are 

found in the first input layer, each node represents one 

attribute of the input data. The base input node is denoted as 

F , while other seven input nodes are denoted as: F , F , F , o 1 2 3

…, F . The output layer contains a number of output nodes is NF

equal to the number of classes found in the image (e.g. five). 

The output nodes are denoted as: R , R , R , R , … R . 1 2 3 4 NC

Whereas, the hidden layer contains eight nodes; one is the 

base that denoted as: H , and the other seven are determined o

to be equal the median value between the number of nodes of 

both the input and output layers. These hidden nodes are 

denoted as: H , H , H , …, H . Each node in one layer is 1 2 3 7

connected to all nodes in the next layer, there is a determined 

weight is specified for each connection are denoted 

according to the serial of the connected nodes in frequent two 
klayers. Such that, the symbol w . Denotes to the weight of the ij

th th thconnection between the i  node in the k  layer with the j  one 

in the next layer. In which, i=0, 1, 2…, N ; j= 0, 1, 2,…, N ; and F c

Class Codeword  (C )NC

C1 00001

C2 00010

C3 00100

C4 01000

C5 10000

Table 1. Codeword of available classes

k=1, 2; where N  is the number of known classes in the C

reference classified image, and N  is the number of used F

descriptive features. The workflow of training the designed 

BPANN is starting with input the calibrated features (F ) of N 

first pixel in the classified image to the input layer. Each 

feature is assigned to one input node to be its value. The 
kinitial weights  w  are chosen randomly between the range 0-ij

1 to be used for activating the input nodes and resulting 

normalized values using the sigmoid function. In particular, 
ththe value of the j  node in the hidden layer (H ) is determined j

by computing the result when loading the value (y ) to the j

sigmoid function, where y  is computed by summing the j

thmultiplications of i  input nodes values (F ) with their weights Ni

1w . Whereas, the activation of the output layer is carried out ij

thby the same manner as follows; the value of the j  node in the 

output layer (R ) is determined by computing the result when j

loading the value (y ) to the sigmoid function, where y  is j j

thcomputed by summing the multiplications of i  hidden nodes 
2values (H ) with their weights w . The result of each output i ij

node is a binary number. The following subsections explain 

more details about the forward and backward actions of the 

designed BPANN (Fig. 4).

c- Forward BPANN: The result of each output node is a 

binary number. The result of the output layer is a binary code 

consists of five digits each is resulting from one output node. 

This result is compared with the ones saved in the codebook 

that belonging to the current pixel using a specific fidelity 

criterion; the most useful fidelity is the similarity measure that 

can indicate the similarity between two wordcodes using the 

relation of the mean squared error (MSE) Given by the 

following formula:

Where C Denotes the computed output of the node j, R j j

Denotes the real output of the node j from the codebook that 

belonging to the current pixel, If the comparison result is 

identified (MSE < = 0.0001), then the designed BPANN 

leaves the current pixel and get the next one with initial 

 
)5..(..........

1
j

N

J
jh RCE

c

-=å
=

MSE = 
Eh

NC

)6..(..........

732 Ashraf S. Abdulla, Bushra Q. Al-Abudi and Mohammed S. Mahdi



  

No
 

Initialize Weights 

NF Redundancy removing 

Forward NN Compute Output 

BP NN 

Get training FN  sample 

Modify Weights: Backward NN
 

Compute MSE 

Yes
 

Save Weights
 

MSE=0 

If FN set 
samples=0

 

       Fig. 4. Sequential stages of training phase

weights are equal to the final ones resulted from the current 

pixel, otherwise the designed BPANN goes to modify the 

weights of the connection between all the nodes in all layers 

using backward BPANN and then repeat the implementation 

of forward BPANN in terms of the new modified weights.

Where C Denotes the computed output of the node j, R j j

Denotes the real output of the node j from the codebook that 

belonging to the current pixel, If the comparison result is 

identified (MSE < = 0.0001), then the designed BPANN 

leaves the current pixel and get the next one with initial 

weights are equal to the final ones resulted from the current 

pixel, otherwise the designed BPANN goes to modify the 

weights of the connection between all the nodes in all layers 

using backward BPANN and then repeat the implementation 

of forward BPANN in terms of the new modified weights.

d- Backward BPANN: The backward action of BPANN has 

happened when the similarity measure between the result of 

the output layer and the codeword in the codebook table is 

not identified. In such case, the direction of computations is 

carried out in backward, these computations are related to 

modifying the weights of connecting each node in a specific 

layer with others in another layer. The process is starting by 
2modifying the weights w  that connecting the nodes of the ij

output layer with that of the hidden layer), the modification 

requires modify the values of the nodes in the output layer In 
2such case, the modification of the weights w   includes ij

adding a determined amount to weights is equal to the result 
1of output node R  multiplied by both its error ä  and the j j

1learning rate n. Also, the modification of the weights w  ij

requires first modifying the values of the hidden layer nodes. 
2By the same manner compute error (ä ), the values (H ) of the j i

hidden layer nodes are modified which leads to modify the 
1weights w  between the hidden and input layers using hidden ij

2 1layer error ratio (ä ), then modify w . The process of back j ij

propagation is continuing for many times, each time the back 

propagation is carried out, the results of the output layer 

converge to the real ones found in the codebook. More 

results enhancement is yields with more weights 

modifications. This situation is continuing till reaching 

identification state for each pixel in the image. The resulted 
kfinal weights are saved in two three dimensional array w h.j.i , 

k=1,2 for two layers to represent the experience gained by 

the training phase.The training of proposed BPANN is 

implemented on the data extracted from reference image 

shown in Figure 4 that classified using ENVI software 

programming for year 1991, Table 2 presents statistical 

information of reference image, these information is  percent 

(P ) for each class in the reference image.c

The selection of just useful features for training the 

BPANN helps to obtain the ideal weights that want to be 

employed in classifying the images that not previously 

classified. In the training implementation, the number of 

iterations was determined to be 1000 for each training 

process of one pixel or till reaching the MSE into 0.001, in 

which the learning ratio was 0.5. These restriction values 

gave the most confident results, where the weights begins 

with random initial values and soon reached true values 

Whatever the initial value is, it is found that the weight is 

biased towards its true value with 1000 training iterations, it is 

going away from their true values in the event of an increase 

training iterations. Also, it is noticeable that the weights settle 

at certain values at the last iterations, and there is no change 

may occur on them with increasing the training iterations. In 

such case, the MSE that computed between the result of 

BPANN and the true one in the codebook table becomes 

smaller at each training iteration till reaching the ideal values 

of the weights This result ensures that the number of iteration 

and learning ratio was sufficient to obtain acceptable 
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classification results, The time spent in the training process 

on all data after deleting duplicate data and for the purpose of 

reaching the best weights is 2438 seconds mean 40.6333 

minutes, It is possible to reduce the training time by selecting 

training areas from the reference image containing all five 

categories and deleting duplicates thereof.

Classification phase: The classification phase uses the 

same structure of the designed BPANN as in the training 

phase. Figure 5 shows the sequential stages of the 

classification phase of the designed BPANN. The 

computation in such case is done one time in forward 

direction using the final weights resulted from the training 

phase, the nodes of each layer are activated using the 

sigmoid function. The final classification result is the desired 

output of the output layer. 

In order to evaluate the classification performance, the 

results are compared with the reference classified image. 

The comparison result includes some measures indicated 

the amount of convergence of the classified image from the 

reference one. These measures are: the number of pixels 

(N ) in each class in the resulted classified image, the P1

number of pixels (N ) in each class in reference classified P2

image, the number of true classified pixels (T ) in classified C

image in comparison with the reference classified image, the 

classification percent of true classified pixels (P ) in TC

classified image, the number of false classified pixels (F ) in C

classified image comparison with the reference classified 

image, and the classification percent (P ) of false classified FC

pixels in the classified image. The resulted weights were 

firstly tested by classifying satellite image of same period of 

reference image (i.e. 1991), Figure 6 displays the 

classification result of the satellite image of 1991 period that 

used in the proposed BPANN training, while Table 3 shows its 

resulted statistical measures of the classification process. It 

is shown that the proposed BPANN could to classify all the 

image pixels efficiently, it has relatively achieved full 

discrimination results, where the final classification score 

was 100%, which indicates that there is no pixel in the given 

image is left without classification, or false classified. Figures 

(7-9) shows the classification result of satellite images of the 

periods 2000, 2015, and 2017, while Table (3) lists the 

classification measures of these results. 

It is shown that the classification percent are 100% for 

year 1991, 97.6% for the year 2000, 95.4% for year 2015, and 
  

Get Weights  

Classified Image 

Forward NN compute O  

From the O determine the class 

Set color to the pixel 

 

Get NF for a pixel 

Yes 

No 

FWNN   

If pixels=0

Fig. 6. Stages of the classification phase designed BPANN

Class 1991 2000 2015 2017

NP1 NP2 TC P %TC NP2 TC P %TC NP2 TC P %TC NP2 TC P %TC

Wet land 22356 22356 22356 8.8 22547 22356 8.8 19294 19294 7.6 17529 17529 6.9

Water 67829 67829 67829 26.6 62284 62287 24.5 63386 63386 24.9 82793 67829 26.7

Agri. land 26166 26166 26166 10.3 25981 25981 10.2 29939 26166 10.3 13476 13476 5.3

Grass 70116 70116 70116 27.6 69746 69746 27.5 65935 65935 25.9 46224 46224 18.2

Desert 67576 67576 67576 26.7 73485 67576 26.6 75489 67576 26.7 94021 67576 26.6

Total sum 254043 254043 254043 100% 254043 247946 97.6% 254043 242357 95.4% 254043 212634 83.7%

Table 3. Classification statistical measures of satellite image for different years
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Fig. 7. Classification result of used satellite image for Al-
Hammar Marshes for year 1991 using proposed 
BPANN 

Fig. 8. Classification result of used satellite image for the 
period 2000 using proposed BPANN

Fig. 9. Classification result of used satellite image for the 
period 2015 using proposed BPANN

Fig. 10. Classification result of used satellite image for the 
period 2017 using proposed BPANN

Classes Colors Name of class P %c 

Class One Brown Wetland 8.8

Class Two Blue Water 26.7

Class Three Green Agri land 10.2

Class Four Yellow Grass 27.6

Class Five Green Desert 26.7

Total sum 100

Table 2. Classification results of reference satellite image for 
year 1991    

Fig. 5. Classification result of reference satellite image, that 
classified by ENVI for the year 1991

83.7 % for year 2017. These results are achieved using same 

training information obtained from the image of period 1991. 

The mis-classification percent are 0%, 13%, 4%, and 7% 

frequently for the same used years. The full classification 

percent of year 1991 ensure correct behavior of the proposed 

BPANN classification method, while the mis-classification 

found in the classification results for other used images are 

due to the change occurred in the landcover. These results are 

subject to change depending on the training data used in the 

reference image, and through research and experimentation, 

it is possible to reduce the training time by selecting the training 

areas of the image, provided that it contains all five categories 

and result of classification relatively close to the previously 

mentioned, the classification time is very short as it does not 

take parts of a second for all kinds of images.

CONCLUSIONS

In this work, an image classification method based on 

using encoded descriptor with the back propagation artificial 

neural network (BPANN) is proposed, the estimated coded 

descriptors are input to the training and classification phases 

of the BPANN. It is intended to prove that the encoding 

capabilities can lead to improve the classification accuracy.  

The training results are greatly affected by the quality and 

quantity of the used dataset, this effect was noticed as 

passive once and active in another time. The supervised 

training of the artificial neural network make the present 
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method to be restricted in providing preclassified image as 

data reference, the classification results are depending on 

the quality of reference image classification. using seven 

textural features enable to describe the fine details of the test 

image. The scatter analysis method for features selection 

leads to eliminate the unuseful qualities throughout the 

training phase and reduces the computation time 

significantly; this also leads absolutely to enhance the 

classification results.
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Traditional Knowledge and Innovative Practices for Water 
Management and Conservation in Indian Cold Desert, Leh Ladakh 

Indian Journal of Ecology (2018) 45(4): 737-744

Abstract: The Leh district of Ladakh region in Jammu and Kashmir state is located in the Trans-Himalayan ranges. This region has unique and 

rich ecological knowledge. The objective of the current study is to document the rich traditional methods for water conservation and 

management system in this district. The data was collected through extensive survey, interview, open-ended questionnaire, group discussion 

and Participatory Rural Appraisal (PRA) methods. The indigenous technologies like complex irrigation canals systems and traditional water 

storage ponds (Zing) are in use for water storage and distribution. The traditional watermills (Rantak) are also in use for grinding barley, wheat 

and pea. A total of 57 canals and 50 storage ponds were recorded in the study area. Also, a total of 150 Rantaks, which were functional before 

ten years, now decreases to 72 functional Rantaks were recorded in the study area. There is very strong community bond among the villagers, 

all work together for maintaining the canals and storage ponds. They have developed a ways of life and community institutions that facilitate 

them to minimize conflicts, optimize their use and maintain their water security. They are very spiritual and strongly believe in co-existence with 

the nature. Anthropogenic activities like construction without proper rituals consider pollution and believes it disturbs the earth bound numen 

called Lhu. The untimely melting of glacier and unseasonal snow in the region added much pressure on the scare water resource for irrigation. 

Introducing the novel innovation like artificial glacier, they are trying to minimize the water shortage mainly in the Spring season. To tackle the 

current situation of water shortage, there is need of strengthening and amalgamation of traditional knowledge with the new innovation to 

overcome the water scarcity and also to bring the large cutivable barren land of Ladakh under plantation.  
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Traditional Ecological Knowledge (TEK) is a pool of 

knowledge and beliefs, passed down through generations by 

cultural transmission, about the relationship of living beings 

with one another and with their surrounding environment. 

Further, TEK is an attribute of societies with historical 

continuity in resource use practices. These are non-industrial 

or less technologically advanced societies most of them are 

indigenous or tribal (Grenier 1998). Traditional resource 

management is the use of local ecological knowledge for the 

unbiased utilization, sharing and regulation of natural 

resources through social norms, customs and rituals. In this, 

the communities put more emphasize on the interactions and 

co-existence of all the shareholders, rather than control over 

the resources and stress on their spiritual and personal 

relationships with one another and their environment (Gadgil 

1998). Management of scarce water resources in the 

drylands for the people dwelling there is a major challenge. 

Over the centuries, through traditional methods of water 

harvesting and management, dryland dwellers have 

overcome this challenge, which have ensured long-term 

sustainability of water resources through demand 

management and adequate resource replenishment (Adeel 

2009). The indigenous knowledge was also acknowledged in 

“Agenda 21” of the 'Earth Summit' in Rio de Janeiro in 1992. 

'Agenda 21' is a non-binding action plan of the United Nations 

with regard to sustainable development. The Leh district of 

Ladakh, a cold desert, is located in the trans-Himalayan 

ranges has rich traditional ecological knowledge. Indigenous 

ecological knowledge of this region is very rich. Thus, there is 

a need to document the vanishing indigenous wisdom of the 

people. Until the 1960s, the region was unknown and 

somewhat isolated, with little or no influence of industrial 

technology. The traditional way of living and organization, 

based on the doctrine of Buddhism, devised to support the 

population with the available finite resource base and the 

limited capacity of the environment. According to economic 

review of Leh district (2014-15), more than 70 per cent of the 

populations were engaged in agriculture (DSEO Leh, 2014-

2015). Agriculture and its allied sectors were primary sources 

of living in Ladakh. The water for all the cultivated area was 

through irrigation channels. The indigenous population 

sustain in the region for centuries despite having only short 

period of growing season and almost no effective rain. 

Largely the traditional society is self sufficient agrarian 

economy. Before the silk route was closed surplus grain was 

traded for the few excess requirements like salt, tea and 



precious stones for jewelry. Ladakh was hardly cut off from 

the world, being on the great caravan routes from the plains 

to Tibet and Central Asia. Far from merely subsistence the 

people of Ladakh have thrived by developing economical and 

successful way of living and a rich and elegant cultural 

tradition. The resources in Leh district of Ladakh are naturally 

scarce both temporally and spatially. The indigenous people 

have developed a unique lifestyle and community institutions 

that facilitate them to minimize conflicts and optimize their 

use. The local institutions are center to water management in 

rural villages. The physical infrastructure, construction and 

maintenance of water storage and distribution system are 

managed under the supervision of village head and senior 

citizens. In large villages one or more person appoints to look 

upon the equitable water sharing. The water resources in all 

parts of the Ladakh are naturally scarce both temporally and 

spatially. In recent times, the water for agriculture has been 

made more severe by untimely melting of glacier and 

unseasonal snowfall. To overcome this, two local Engineers 

from Ladakh have innovated simple and remarkable 

conservation methods. These can be very promising 

technique in future to cope up the water shortage in the Cold 

desert of India and some other parts of the trans-Himalayan 

region. There is a need for strengthening and amalgamation 

of tradition knowledge with the new innovation to overcome 

the scarcity and bringing the barren land under plantation.  

MATERIAL AND METHODS

The study area:  Ladakh is a cold arid region in the Indian 

Himalaya (Fig. 1) .The scenic landscape of Ladakh is 

adorned with threatened species like top predator of the 

region, snow leopard and one of the most charismatic birds 

black necked crane and many other wildlife animals. The 

pastureland, roughed mountain, mountain slopes, valleys 

and shore of rivers and streams are rich in medicinal plants 

resources. At the base of mountains, in the valley, people 

have been cultivating land for centuries. They grow crops like 

barley, wheat, peas and mustard in main agricultural fields 

with vegetables in kitchen garden. This cold semiarid terrain 

transformed into an agrarian success story by combining 

ingenious system and effective social organization, devised 

centuries ago to tap distant glaciers for irrigation. The 

livelihood is agro-pastoral rather than strictly agriculture or 

livestock based in Leh District, except most of the area of 

Changthang area, where pastoralism is in practice for 

livelihood. 

Collection of data: The study was conducted by frequent 

field visits to the area during 2015 to 2018.  Data for the study 

were collected from primary as well as secondary sources. 

Survey, open ended questionnaire, group discussion and 

participatory rural appraisals (PRA) methods were used for 

documenting the traditional knowledge regarding 

management and conservation of water resources. The 

locals who have rich knowledge about the local tradition and 

customs were selected for interactions and group discussion. 

Nine villages from the nine blocks of the district were 

surveyed for the study (Table 1).

RESULTS AND DISCUSSION

Food and non-food crops and irrigation pattern of staple 

crops

Food crops: The main staple crops cultivated are Triticum 

aestivum and Hordeum vulgare in the surveyed villages. The 

Brassica juncea species grow for cooking oil. The Lens 

culinaris and Pisum sativum var. arvense species are the 

pulse crops. Most of the villages in Sham valley and Nubra 

valley grow vegetables like Solanum tuberosum, Brassica 

rapa, Daucuscarota, Raphanus sativus, Alliuncepa, A. 

sativum, Lycopersicone sculentum, Brassica caulorapa, 

Brassica chinensis, B. oleracea var. botrytis, B. oleracea var. 

cnpitata, B. oleracea var. italica,  Phaseolus vulgaris, Pisum 

sativum, Cucumis sativus, Cucurbita moschata, Beta 

vulgaris var. benghalensis, Brassica juncea, Coriandrum 

sativum, Mentha piperita, Spinace aoleracea, Lactuca 

sativa, Capsicum annuum, and Solarium melongena. The 

fruit plant species grown in Leh district includes Prunus 

armeniaca, Malus pumila, Juglans regia, Morus alba, 

Fragaria grandiflora, Vitis vinifera and Citrulus lanatus. 

These fruits plants do not grow in the village surveyed from 

Changthang region and Sakti village. This is due to location 

of these three villages at very high altitude than others.The 

main fodder crops species grown were Medica gofalcata, M. 

media and M. sativa.

Non-food crops: In the surveyed villages many tree and 

shurbs species have also been growing for timber, firewood, 

Surveyed 
villages

Co-ordinates Elevation 
(MSL)

Skuru 34°40'18.19? N and 77°17'34.37?E 3,096

Summor 34°37'04.19? N and 77°37'29.90?E 3,126

Stakna 34°00'24.07? N and 77°40'52.57?E 3,282

Sakti 33°58'30.15? N and 77°48'34.96?E 3,804

Durbuk 34°05'10.54? N and 78°07'27.46?E 3,847

Hanle 32°46'22.76? N and 78°59'02.01?E 4,267

Nimmo 34°11'57.79? N and 77°19'43.96?E 3,145

Tia 34°20'04.15? N and 76°58'51.26?E 3,413

Saspol 34°14'44.44? N and 77°09'50.86?E 3,107

Table 1. The surveyed villages with co-ordinates and 
elevation
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roof joist and fodder. These include eight species of the family 

Salicaceae, two species of Tamaricaceace, one species of 

Elaeagnaceae and one species of Ulmaceae. The species of 

Salicaceae family are Populus nigra, P. balsamifera, P. 

euphratica, Salix sclerophylla, daphnoides, S. tetrasperma, 

S. elegans and S. alba. The two species of Tamaricaceace 

family are Myricaria elegans and Tamarixra mosissima. The 

Hippophae rhamnoides and Ulmus wallichiana are the 

species of families Elaeagnaceae and Ulmaceae, 

respectively. All the above mentioned plant species are being 

in use for firewood. All the species of the genus Populus 

grows for Timber production. Whereas, all the species of 

genus Salixare use for roof joist, handle of implements and 

basket weaving.  These species are commonly grown in all 

the surveyed villages. But, only few species from the 

recorded of genus Salix grow stunted in the Durbuk and 

Hanle village of Changthang region. The species Populus 

tree grows in all the surveyed villages except two villages of 

Changthang region. The Hippophaerh amnoides shrub 

grows along the banks of river Indus and Shayok. The shrub 

Myricariaele gans grow in all the villages. The plant species 

of Tamarixra mosissima and Ulmuswalli chianaare recorded 

from Nubra valley. The Ulmuswalli chianaare found only in 

Sumoor village of Nubra valley.

Irrigation pattern of staple crops: The irrigation of the 

agricultural fields of crops like barley, wheat and peas follows 

almost same pattern in Ladakh. The irrigation starts from the 

Yurma, followed by Tha-chus, Ldol-chhu, Srak-chhu, Non-

chhu and the last one is known as Mig-chhu. The first 

ploughing of the crop's fields before sowing seeds is called 

Log. This is practiced for loosening of soils and allowing 

leftover weed seeds from previous year crop to grow. After 

the fields are ploughed, these fields are irrigated and this first 

irrigation of crop's fields is locally called Tha-chus. The 

irrigated fields are left for 10-20 days depending upon the 

soil's water holding capacity. It is very important to apply the 

right quantity of moisture in the soil during seed sowing. The 

ploughing of agriculture fields with crop's seeds is locally 

called Smos. This uproots all the weeds which helps in 

removing the weeds from the fields. The uprooted weeds are 

fed to cattle. The second irrigation of the field after Thachus is 

called Ldol-chhu and it is most delicate and significant task as 

this time the seeds have just germinated. In Ladakhi 

language, Ldol means to sprout and Chhu means water. So, 

it means irrigation of the sprouting seeds. Inadequate or 

surfeit irrigation may lead the tender plants to get burnt or die. 

During this irrigation, an experienced man irrigates the field. 

The light irrigation after 7-10 days of Ldol-chhu is called Srak-

chhu. It is third irrigation of the crops. At this stage crops has 

been grown up to nearly four to five inches. After 10-15 days 

of Srak-chhu, the next irrigation is called Non-chhu.  It is the 

fourth irrigation of the crop fields. By this time the crops grow 

strong enough to withstand a little excess or less than 

adequate supply of water. At this stage, the condition of the 

field becomes clear. After this irrigation, the crop has to be 

irrigated regularly, about once a week depending on the 

moisture in the soil and weather condition. These are 

commonly carried out by the less experienced younger 

people. These continue for about six times before the last 

irrigation, which is called Migchu-chhu in Nubra Valley. In the 

Sham Valley of Ladakh the last irrigation of the crops is called 

Do-chu.The crops are not irrigated properly at this moment 

the ear of the crop gets dry and starts falling. The ear is a 

spike, consisting of a central stem on which grows tightly 

packed flowers. These develop into fruits containing the 

edible seeds. Irrigation in between Non-chhu and Mig-chhu 

depends upon the soil's water holding capacity. In Skuru 

village of Nubra Valley, the agricultural fields are irrigated 

within eight to fifteen days. The agricultural field which has 

high weeds growth follows an extra plough, before the 

regular one, Log. This extra plough is also known as Log. But, 

the irrigation of the field during this time is called Yurma. This 

method practices in Nubra Valley, especially in Skuru & 

Terchey villages but not common in other part of Leh district.

Indigenous technologies for water conservation and 

management

Complex irrigation canals system: In the villages of Leh, 

irrigation system comprises of a set of structures, ensuring 

water diversion, passage and storage. The channels are 

named according to the size and importance. The main, 

central channel for irrigation is called Mayur, which starts 

from the diversion from the stream upto the earthen storage 

pond called Zing (Fig. 3c). The channels which originate from 

the central channel (Mayur) and storage pond are called Yura 

and they are intermediate size channels. The smallest one is 

called Ska, which connects agricultural field to the 

intermediate size channel (Yura). The point at the stream, 

where water is diverted into the channel is called Yurgo. 

Boulders, branches of shrubs like Sea buckthorn and 

Myricara, stones, gravel and rags are used at the Yurgo 

(diversion point) to avoid leakage. During spring seasons, 

due to water shortage the entire width of the stream remain 

closed with the boulders, gravels and rags. But in summer 

season, surplus water flows in the streams. Therefore, water 

for irrigation is plenty in the channels and many times need to 

reduce the water volume in these channels.  The snow fed 

irrigation canals is the backbone of irrigation system in 

Ladakh. It was observed from the current study that Sakti 

village has the maximum number of canals with 18 in 

numbers. This village follows with villages Tia (10), Nimoo 
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(7), Hanle-Pungo and Khaldo (6), Saspol (5), Summor (3) 

and Skuru (3). Stakna village has the least numbers of canals 

from the surveyed villages with only two canals. The canals 

recorded are larger one which starts from the stream or river 

and runs longer distance. 

Almost, in every part of Ladakh, the staple crops are 

irrigated through furrow irrigation method (Fig. 2a). It involves 

distribution of water by gravity and run down in furrows. The 

crops are grown in the agriculture fields, between the ridges 

of these furrows. The water from Ska diverts into a small 

channel called Kakpa (Fig. 2b). It runs vertical to the field at 

the head of the field from one side to another.  The water from 

this channel allows into the furrows, locally called as Shagu 

(Fig. 2. 3). Mostly 2-3 furrows are irrigate at the same time 

depending upon water volume in the channel. The large 

crops fields in the villages of Nubra valley commonly divides 

into two parts. The first halve is known as Gong-snang and 

the second halves as Yok-snang. A passage for water just 

like a small channel present horizontally in between the 

Gong-snang andYok-snang. This small channel is called 

Snang. It is for stopping water at some distance in the fields 

so that water seep into the soil more efficiently. The small 

fields and the Gong-snang and Yok-snang of large fields are 

further divided into furrows, called Shagu. The ridges of the 

furrows are called Shag-rgal. When the furrow's bed between 

its ridges is sloppy towards one ridge, then a small barrier 

puts on the shallower side. This barrier is called Chum-rgad. 

It helps in running the water in balance between both the 

furrow's ridges. It reached to the half of the furrow's bed. 

Many such barriers use in a single furrow (Shagu). 

Sometimes channels overflow due to floods or sudden 

increase in water volume in the stream and results in spilling 

water towards fields. A small channel called Phyang-Ska is 

present from one side of the crop's field to allow passage to 

this water. Irrigation of field more than its requirement, cause 

harm to the crops. In Nubra valley, the harm to the crops due 

to over irrigation is locally called Chhu-shig.

Rantak-traditional watermill: One of the important 

traditional technologies which are run on water in Ladakh is 

known as Rantak (Fig. 3a). It is known as Gharat in other 

parts of Indian Himalaya.  It is a traditional watermill driven by 

fast moving water, used by the rural folk to grind barley, wheat 

and pea. It is made from locally available resources by the 

local experts of the villages. For running this watermill, water 

from a stream is diverted and collected into a small reservoir. 

The excess water or when the water millis idle, the water is 

drained off through an exhaust (Chhu-phosa). A wooden 

gravity channel is placed at a steep gradient through which 

water is made to pass forcefully on the turbine which makes 

the runner stone to rotate, connected through a shaft. The 

runner stone has a hole at the center and a basket (Tsaypo) is 

fixed just above it. The grain drops from a hopper when a horn 

attached at the end of the basket just touching the revolving 

runner stone shakes. The grains are grinded between the 

rotating runner stone and stationary bed stone. The flour gets 

collected at the edge and falls into a trough encircling the 

stone. In a single day about 200-300 kg of flour is made from 

the mill. A total of twenty one Rantak are currently in working 

condition recorded from in Saspol village. This is maximum 

number of Rantak recorded from a single village in the 

surveyed villages. It is followed by Durbuk village (20), Sakti 

(13), Summor (10) and Tia (4).There is only one Rantak in 

Hanle and Nimoo village. Two villages recorded with not a 

single number of Rantak currently in working conditions and 

these villages are Skuru, and Stakna. But, before ten years, 

the Rantak number were maximum in Tia village (54), 

followed by Sakti (21), Saspol (21), Sumoor (20), Durbuk 

(15), Nimoo (9), Hanle (3), Skuru (3), Stakna (2). Durbuk was 

the only village, where number of Rantak has been increased 

in the last ten years from 15 to 20. Despite, all the other 

surveyed villages recorded with decreasing in number of 

Rantak. It was observed that the decrease in number of 

Rantak were due to floods and establishing grinding machine 

in these villages or neighboring villages. The damaged 

Rantak were not renovated due to getting better option of 

electric grinding machine which saves time and labour.

Social organization and role of local institutions: In most 

of the cases of water distribution system in Leh Ladakh, same 

stream (Tokpo) runs through more than one village, which is 

the only source for irrigation and drinking water. This 

condition unites the villages into a single system for sharing 

water. The rules for sharing the water have been in practice 

for centuries, followed by each generation learning from the 

previous one. The water from Skuru stream in Nubra Valley is 

shared by two villages, Skuru and Terchey. The villagers of 

Skuru get water for irrigation during day time, from 06:00am 

to 05:00 pm. The villagers of Terchey get water during night 

time from 05:00pm to 06:00am.Besides this, the villager 

store water in the village pond (Zing) to irrigate during day 

time in Terchey village. The timing of water sharing especially 

follows during Spring season and water scarcity. These rules 

have been codified into Bandobasti and which are now 

maintained by the Patwari (land record keeper). The 

irrigation system is common property resource of the 

villagers. To make sure that every household get equal share 

of water, distribution of water is done in groups of household 

called Chhurespa and the system is called Chhures. In a 

single day 4-6 households get water for irrigation, in Skuru 

and Terchey villages of Nubra valley. These villages are 

situated 130 km away from the district headquarter, Leh. In a 
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Fig. 2. Irrigation of a barley field (a) A farmer irrigating barley 
field in Skuru village (b) Water flowing from Ska to field 
(c) Diverting water from Kakpa to Shagu

Fig. 1. Location map of the surveyed villages in Leh district, Ladakh

Fig. 3. Traditional and Novel Innovations (a) Rantak: a 
watermill (b) Ice stupa (c) Zing: A water storage 
pond (d) Norphel's artificial glacier model
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week, all the household of the village gets irrigation turn for 

one day. If a villager needs water before his turn, he make 

request to the Chhurespa for irrigation water to his field. 

Then, the Chhurespa allow him to irrigate his field. If 

someone does not obey the village rules, penalty applies to 

the violator in villages of Ladakh and the case is taken to the 

village head called Goba. The common penalty for the 

accused person has to apologize to the people whom with the 

quarrel happen. Apologize by presenting traditional scarf 

(Khatak) and local beer(Chhang) in the presence of village 

representatives like Goba and Members. But this type of 

case rarely gets to see in the villages.  The irrigation turn is 

largely depend on the village topography, soil type, size of 

glacier, total irrigated land of the village, relative exposure to 

Sun and number of households. 

The Chhurpon is one of the important functionaries in 

water distribution system in the larger villages of Ladakh for 

equitable sharing of water for irrigation to all the households 

in the villages. Literally the word Chhurpon means lord of 

water and is expected to have the qualities like one who 

knows the order of the channels (Ska) in the village, from 

where the water of channels is to be diverted and water to be 

distributed to a particular crop. The Chhurpon considers the 

crop fields of the whole village as his own and knows how to 

conserve the water in times of scarcity (Angchok and Singh 

2006). During the present study it was found that the larger 

village like Sakti has appointed Chhurpon, but in the small 

villages like Skuru and Terchey, this system does not exist. All 

the villagers work together to repair the channel after every 

winter season and erosion of channels due to floods and to 

stop water in the channel inlate autumn and winter seasons. 

After winter season one person from every household joins 

for clearing the silt, mud and debris from the channels and the 

village ponds (Zing). If the divergence point (Yurgo) or 

channels (Yura) got damage due to natural calamities like 

floods or landslides and the damage is big, one person from 

each household from the villages joins for repairing. If the 

damage is small then one or two Chutso, according to the 

need of the labour are called up for repairing. A Chutso is a 

group of 20-30 households. 

In the villages of Ladakh, the community institution 

comprises by a village head called Goba, his principal 

assistant is called member. All important decisions of the 

village are taken at the village meeting, a forum attended by 

all the adult men. A person appointed as Kutuwal, whose duty 

is to communicate calls and messages from the Goba to 

every household. In each villages of Ladakh, one or two 

households are appointed as Lorapa. The responsibility of 

being Lorapa is to keep livestock out of the agricultural fields 

in the summer season. A group of 15-20 households are form 

according to the nearest location in the villages for sharing of 

community work in the villages of Ladakh. This group of 

household is called Chutso. During repairing of irrigational 

channels, village head (Goba) orders the Kutuwal to call one 

or more Chutso according to the required workforce. In many 

other works in the villages of Ladakh the villagers help each 

other for mutual benefits like sharing of draughts animals, 

labour and farm tools between two to three households. This 

group of households which share animals, labour and farm 

tools are called Lhangdey. For many decades these 

successful management systems of the resources in this 

region is due to mutual trust, collectively determined 

obligatory agreements and effective local monitoring 

institutions. 

Belief system in water conservation and management: 

Even though, the Cold Arid region of India has hostile 

conditions for survival of human beings, for centuries, the 

region has been inhabited; and its people have learnt to 

survive there by establishing a synergistic relationship with 

their environment. The people of Leh, Ladakh are deeply 

religious and profoundly connected with nature and the 

majority of the district population is Buddhist. All the important 

activities of agriculture starts with the name of God (Ya-

konchok-khen) and all the recitations of religious text 

conclude with the sentence as 'May all the sentient being be 

free from suffering'. The first irrigation of crops starts after the 

celebration of Saka festival. This festival is also known as 

Lhangnya in many villages of Nubra valley. The date is set by 

the villager after consulting with Lama or Onpo (astrologer) 

and finds the auspicious day for the Saka celebration by 

consulting Buddhist astrology texts. During construction of 

canals or building houses or roads, they make sure that Lhu 

(spirits of the Earth) do not disturb; otherwise unwelcome 

events may happen in the family or in the village. The 

appeasing of Lhu by offerings and Pujas demonstrate a 

genuine reverence for all life and recognition that man is part 

of and not the master of natural world. Lhu is earth-bound 

numen that is seen as the guardians of wealth and the source 

of human, animal and agricultural fertility. The local believes 

that the sacred springs and some recognized sites in the 

villages are home of these numens. If these areas are 

disturbed, it is consider powerful pollution. The disrespecting 

of such spirit like urinating or defecating near sacred springs 

or digging up the soil without careful ritual precautions can 

results in retribution from these important but capricious 

spirits. To pacify these spirits a Puja called Lhu-stor is 

performed. A religious structure is often seen at the roof of the 

house or near water points like Yur-go called Lhu-bang. In the 

villages of Ladakh the villagers also consults oracles for 

problems regarding social, family and health and even during 
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water scarcity. Lama and Onpo (astrologers) play important 

parts in Ladakhi society. Both Onpo and Lama help to carry 

out important agricultural activities on auspicious date by 

consulting Buddhist astrology text. Both the Lama and Onpo 

perform Pujas to appease the Lhu and Lha.

Novel innovations for conservation and management of 

water resources: The water for irrigation becoming scares 

in the last decade especially in the last few years. The 

untimely melting of glacier and unseasonal snow added 

much pressure on the scare water resource for irrigation in 

Leh, Ladakh. The increasing tourists and large population of 

military station in the Leh city also putting pressure on the 

supply of drinking water. To cope up the water scarcity for 

irrigation Chhering Norphel and Sonam Wangchuk designed 

separately two types of artificial glaciers in Ladakh. These 

artificial glaciers are simple, innovative and seem remarkable 

conservation methods. Their innovations can be promising 

techniques in future in the Cold Desert, Ladakh and other 

parts of Trans-Himalayan region. Winter is harsh in Ladakh 

due to which there is no crop cultivation. During these winter 

months water from all the streams in Ladakh flows into the 

Indus or Shayok River without any use and get wasted. 

Melting of natural glaciers with enough volume of water in 

streams from the natural glaciers takes place only after June. 

The villager faces water shortage during April and May i.e. 

crops sowing season. Observing this hardship of local 

farmer, two innovators from Ladakh made their contribution 

in water storage, in the ice form by designing separately two 

different artificial glaciers. 

Artificial glacier designed by Chhering Norphel: The 

concept of artificial glacier in Ladakh was developed a civil 

engineer, Chewang Norphelin 1987 (Bagla 2001) and 10 

artificial glaciers were built, which sustain crops that nourish 

some 10,000 people (Vince 2009). The core principles of 

artificial glacier creation are to divert melt water in the winter 

season, as this water is not in use as the cultivation time is 

over in the region due to onset of winter (Fig. 3d). Slowly, this 

runoff water spreads into pools as icy sheets. In March and 

April, before glaciers at high elevation and snowpack begin to 

melt, the artificial glacier starts melting and made water 

available for irrigation. These techniques do not require any 

pump or advance technology. For construction of this type of 

artificial glacier, it is need to take the advantage of gravity and 

seasonal temperature changes only. Its construction site 

should be on sloping shaded sites at a nearly 4,000m above 

MSL. The designs do not strictly fit the accepted definition of 

a glacier but it is commonly called artificial glacier (Clouse 

2016). In the background of global climate change, these 

types of exaggerated devise responses for environmental 

adaptation may offer the only alternative for sustained human 

habitation (Clouse 2017).

Ice Stupa: The idea of Ice Stupa was developed by Sonam 

Wangchuk. The fundamental principle and objective behind 

this is same as artificial glacier developed by Chhering 

Norphel, but with addition of solving the problems which 

could not solved by Norphel's artificial glaciers. In Norphel's 

project, the artificial glaciers need to be constructed at high 

altitude (above 4,000m above MSL), required larger area and 

a valleys facing towards North. These valleys provide shades 

to the ice of the artificial glacier from the direct sun rays. In the 

Sonam Wangchuk's model of artificial glacier, the stream 

water freeze in conical shape with the help of gravity with 

covering a small area (Fig. 3b). The shape is just similar to 

sacred mud structure known as Stupa. Its surface area is less 

than the Norphel's artificial glacier, due to thevertical 

structure of the ice stored. Therefore, it receives less sun light 

per volume of water stored in comparison to the Norphel's 

artificial glacier of the same volume formed horizontally. 

Except laying underground pipelines and keeping watch on 

the pipes from bursting due to freezing, modest investment 

and efforts are needed to construct this structure; it can be 

constructed right next to the villages in Ladakh. The idea is 

very simple and needs no pumps or power as same in case of 

Norphel's artificial glacier. The prototype of the Ice Stupa 

have constructed at the Phyang village. It is not just a 

conservation method of water but also becoming a centre of 

attraction for thousands of tourist including locals on the site 

of prototype constructed site. Looking at this, the rural 

economy of Ladakh can also be improved by promoting Ice 

Stupas as a winter attraction for tourists. It is one of the 

objectives of Sonam Wangchuk for this project. These novel 

innovations have some constrains like working in minus 

temperature, importing of pipes for Ice Stupa from outside 

Ladakh and needs maintenance annually. The importing and 

shifting of pipes to rural villages and maintenance will be 

difficult for the local villagers without any helps from 

government agencies and NGO'sworking for rural 

development. 
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Growth Performance of Melia dubia Cav. Germpalsm 
Grown under Semi-arid Conditions

Indian Journal of Ecology (2018) 45(4): 745-749

Abstract: Among the various abiotic stress, water deficit is the most devastating factor. The present investigation was carried out to identify 

desirable genotypes under low rainfall conditions. Forty-two genotypes of Melia dubia were evaluated for different growth parameters like 

girth, mean annual girth increment, plant height, total standing biomass per tree, leaf area, fibre qualities like fibre length and fibre diameter at 

the Hoskote Research Station of Hoskote Range Forest Division, Bengaluru Rural District, Karnataka. Significant differences were observed 

for all the growth parameters among the germplasm lines. In experiment I, germplasm line MD013 showed highest girth (35.81 cm), plant 
2height (3.83 m), biomass (17.26 kg/tree), leaf area (3.21 cm ), fibre length (886.67 ìm) and fibre diameter (33.30 ìm) while in experiment II, 

2germplasm line MD058 accounted for the maximum girth (37.40 cm), plant height (3.83 m), biomass (16.76 kg/tree), leaf area (3.05 cm ), fibre 

length (903.33 ìm) and fibre diameter (39.37 ìm). MD058 in experiment I and MD013 in experiment II exhibited significant growth 

performance to other germplasm lines. These lines were found suitable for cultivation in the low rainfall regions. 
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One of the approaches to reducing CO  concentration in 2

the atmosphere is carbon (C) sequestration, the process of 

removing C from the atmosphere and depositing it in a 

reservoir. The Land Use, Land Use Change and Forestry 

(LULUCF), an approach that became popular in the context 

of the Kyoto Protocol to the United Nations Framework 

Convention on Climate Change (UNFCCC)-the first and so 

far the largest international agreement to stabilize GHG 

concentrations-allows the use of C sequestration through 

afforestation and reforestation as a form of GHG-offset 

activities. Forests are both a source and a sink of carbon. 

Thus, managing forests for carbon storage will help to absorb 

atmospheric carbon dioxide. Forests sequester carbon from 

the atmosphere as a result of photosynthesis. As trees have a 

much longer lifespan, they act as long-term reservoirs the 

carbon for decades, even centuries, in their biomass. In order 

to sustain livelihood under the above situations agroforestry 

is considered to be a potential option. It can help boost food 

and fodder production and also serve as an alternative 

source of income especially during the lean periods 

(Parthiban and Govinda Rao 2008). Agroforestry is a 

potential option which can provide economic, environmental 

and social benefits in a sustainable manner to the farmers. 

Melia dubia plantation as an agro forestry option, on 

wastelands has become popular because of a variety of 

benefits like timber, fuelwood and fodder for goats, sheep 

and cattle. Melia dubia belongs to the family meliaceae and is 

a fast growing, indigenous and economically important 

multipurpose tree species that grows naturally in certain 

parts of the Western Ghats of South India. The species is 

identified as one of the potential alternate pulpwood species. 

The Melia dubia grows at the rate of 41.54 cubic metre / ha / yr 

(Saravanan et al 2013), which is higher than eucalyptus and 

poplar. Hence, the plantations of fast growing, short rotation 

woody crops like Melia dubia gained more importance also in 

carbon. Wood of M. dubia is an excellent and highly suitable 

raw material for wood based industries like paper and 

plywood industries owing to its natural anti-termite property, 

high pulp recovery and exceptional fibre strength as 

compared to traditional raw material (Sarvannnan et al 

2013). It is a promising tree highly suitable for farm forestry 

and agro forestry for generating higher income in the semi-

arid regions. The wood from this tree is used in plywood 

industry and is also suitable for pulp industry (Parthiban et al 

2009). Thus the major emphasis of the study is to evaluate 

forty-two genotypes based on the growth performance of 

Melia dubia in the field conditions to identify lines that can 

perform best under low rainfall regions.

MATERIAL AND METHODS

The investigations were carried out with forty-two 

germplasm lines genotypes of Melia dubia plantation 

established by Karnataka State Forest Department in 

December, 2013 at Hoskote Research Station of Hoskote 



Range Forest Division, Bengaluru Rural District, Karnataka, 

India, situated at 13°522 N, 77°502 E. Hoskote Taluk 

presents an undulating topography with gentle slope towards 

Southwest. The general elevation of the ground is around 

870 in above MSL. Hoskote Taluk enjoys a salubrious climate 

with mild summers and pleasant winters. The summer 

temperature touches 37°C during May and the winter 

temperature around 19°C during December/January. The 

relative humidity is around 77% during monsoon and 50% 

during dry month. The study area receives an average rainfall 

of 620 mm (Reddy et al 2016). The experiment was 

conducted in two experiments laid out in randomized block 

design. The first experiment consists of 21 genotypes 

planted at 4 x 4 m spacing with four replications and the 

second experiment consisted of 21 genotypes planted at 3.8 

x 5 m spacing with five replications.  Germplasm lines were 

subjected to analysis their growth performance under rainfed 

conditions which are essential to find out the best suitability 

lines. Growth parameters observations on girth at breast 

height (1.37 m above ground), total height from base to its tip 

of the main stem by using marked pole and expressed in m. 
2 2The basal area was determined as = pid /4 or g /4 pid= 

diameter, g= girth. Finally total volume was determined as 

total volume = Total height x Basal area x Form factor 
3(Chaturvedi and Khanna 1984) and expressed in m . Leaf of 

each germplam line is devised by measuring leaf area of 50 

leaf lots of each germplam line and average is expressed as 

leaf area per leaf. Leaf area is measured using portable leaf 

area meter (LI-3000, LI-COR, Lincoln, USA). 

Maceration: Maceration of the wood samples was done 

using Jeffrey's method (Sass 1971). For maceration, 

Jeffrey's solution was used which was prepared by mixing 

equal volumes of 10% potassium dichromate and 10% nitric 

acid. Radial chips of wood shavings were taken from the 1 
3cm  wood blocks separately from the three radial positions 

viz., pith, middle and periphery. These chips were boiled in 

the maceration fluid for 15 to 20 min so that the fibre 

individuals were separated. Then these test tubes were kept 

for 5 to 10 min so that the fibres settled at the bottom. The 

solution was discarded and the resultant material was 

thoroughly washed in distilled water until traces of acid were 

removed. The fibre samples were stained using saffranin and 

mounted on temporary slides using glycerin as the mountant 

(Saravanan et al 2013).

RESULTS AND DISCUSSION

The experiment was conducted in one of the low rainfall 

regions of Karnataka where the mean rainfall is 620 mm. 

Girth of the trees of 21 germplasm in experiment I showed a 

significant difference among the clones and varied from 

19.70 cm in germplasm line no. 69 to 35.81 cm in the 

germplasm line MD013 (Table 1). In the experiment II girth of 

21 lines varied significantly and ranged from as low as 11.29 

cm in line MD126 to as high as 37.40 cm in line MD058 (Table 

2).

Height of the trees varied significantly among the lines in 

both the experiments (Table 1 and 2). The trends of the tree 

height were almost similar to that of the girth of the trees. Tree 

height varied from 2.38-3.83 m in the lines 261 and MD013, 

respectively in experiment I. In the experiment II, height 

varied from 2.18-3.55 m in lines MD126 and MD058, 

respectively. Trees with higher girth did not necessarily show 

higher tree height indicating diameter growth and the tree 

height are independent in their behavior.  However most of 

the lines which had higher girth resulted in producing higher 

biomass. Therefore, girth is in general considered to be a 

better indicator of growth and therefore most allometeric 

equations used for biomass estimation prefer to use girth and 

height or girth alone but not the tree height (Henry et al 2010). 

There was significant variation among all the germplasm. 

Standing biomass varied from 3.60-17.26 kg/tree in lines 69 

and MD013 respectively in experiments I and 1.48-16.76 

kg/tree in lines MD126 and MD058 respectively in 

experiments II.

Leaf area of individual leaflet varied significantly among 
2the lines. In experiments I, it varied from 1.72-3.21 cm  in 

lines 69 and MD013, respectively (Table 1). Similarly, in the 
2experiment II leaf area varied from 1.66-3.05 cm  in the lines 

MD126 and MD058, respectively (Table 2). For growth to 

take place substrate for growth in the form of sugars is a basic 

requirement. Therefore, carbon assimilation by the leaves 

through the efficient interception of light is the driving force of 

growth (Niinemetes 2007). The lines with least individual leaf 

area recorded the lowest girth as well as lowest girth 

increment. Individual leaf area can be a good indicator while 

screening large germplasm lines and also in tree species 

where photosynthetic measurements are not feasible 

(Okogbenin et al 2013). The leaf area of individual leaflet has 

highly correlated with the girth of the germplasm lines. In both 

experiments, maximum leaf area shows maximum girth of 

the germplasm lines. This may be due to leaves provide site 

for photosynthesis, where CO and water are converted to 2 

carbohydrates and oxygen using solar radiation to provide 

energy requirements. Leaf area provides sites where energy, 

gas and moisture exchange are necessary for growth (Tuzet 

et al 2003). Higher the leaf area higher the light interception 

for maximum photosynthesis which ultimately results in more 

photosynthate. Warren and Adams (2000) suggested that 

plants total leaf area helps to determine its productivity.

The variation in fibre length was statistically significant 
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Germplasms Girth (cm) Plant Height (m) Biomass (kg/tree) 2Leaf area (cm ) Fibre length (ìm) Fibre diameter (ìm)

267 27.81 2.85 6.41 2.92 733.33 26.90

159 21.70 3.06 9.68 2.63 760.00 27.80

115 26.65 3.15 6.53 2.74 870.00 21.80

268 30.58 3.03 8.14 2.99 830.00 22.00

260 30.53 2.99 8.78 2.58 853.33 23.90

261 28.70 2.38 5.94 2.37 826.67 24.50

24 30.91 2.96 8.22 2.93 826.67 24.20

259 25.98 2.65 6.32 2.27 800.00 22.90

69 19.70 2.75 3.60 2.38 730.00 17.80

32 29.12 2.86 6.88 2.81 816.67 27.90

75 27.52 2.54 5.77 1.78 783.33 25.60

28 25.80 2.88 5.05 2.14 753.33 26.80

76 29.00 3.27 8.15 1.72 803.33 30.40

195 28.14 2.94 6.92 2.84 800.00 25.90

104 25.69 3.02 5.75 2.67 856.67 25.60

265 30.44 3.10 8.27 3.04 840.00 26.70

262 33.60 2.72 9.02 2.64 870.00 29.20

270 21.23 2.96 3.76 2.62 776.67 26.90

114 22.93 2.56 4.06 2.61 800.00 29.00

233 28.33 2.98 5.00 1.80 806.67 30.40

MD 013 35.81 3.83 17.26 3.21 886.67 33.30

CD (p=0.05) 7.82 0.67 5.79 0.39 92.23 5.23

Table 1. Performance of Melia dubia germplasm lines experiment I (4 x 4 m spacing)

Germplasms Girth (cm) Plant height (m) Biomass (kg/tree) 2Leaf area (cm ) Fibre length (ìm) Fibre diameter (ìm)

25 26.53 3.07 6.62 2.65 836.67 36.00

MD111 30.23 3.70 12.35 2.92 866.67 36.67

MD058 37.40 3.88 16.76 3.05 903.33 39.67

268 26.25 3.38 9.81 2.88 846.67 32.67

53 25.03 3.48 7.03 2.50 806.67 30.67

64 23.10 3.45 6.01 2.25 800.00 25.33

257 27.08 3.70 8.95 2.79 783.33 23.67
241 22.53 3.10 5.29 2.17 830.00 29.67

128 23.88 2.92 5.62 2.29 786.67 25.67
20 27.76 3.20 8.49 2.71 836.67 23.67

271 25.54 3.25 6.86 1.81 850.00 24.33

MD112 19.58 2.88 4.01 2.11 826.67 27.33

MD118 22.69 3.54 6.02 2.67 836.67 28.67

MD117 19.81 3.07 3.85 2.79 833.33 26.00

MD115 20.61 2.91 3.86 2.56 853.33 27.00

MD120 19.66 3.31 4.25 2.60 813.33 28.00
MD121 18.97 3.08 3.76 2.59 753.33 21.67

MD122 22.09 2.95 4.74 2.58 826.67 23.67
263 19.63 3.22 4.08 2.36 850.00 29.67

MD126 11.29 2.18 1.48 1.66 706.67 21.33

MD123 19.78 2.92 4.41 1.86 803.33 23.67
CD (p=0.05) 5.87 0.75 3.70 0.34 81.11 8.82

Table 2. Performance of Melia dubia germplasm lines experiment I (3.8 x 5 m spacing)
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Correlations Biomass Girth Plant 
height

Leaf 
area

Fibre
length

Fibre
diameter

Biomass 1.000

Girth **0.710 1.000

Plant height **0.728 0.392 1.000

Leaf area **0.456 0.291 0.366 1.000

Fibre length **0.556 **0.702 0.393 0.357 1.000

Fibre diameter **0.461 0.400 0.404 -0.041 0.220 1.000

Table 3. Pearson's correlation coefficients of experiment I for 
all parameters of germplasm lines planted at 4 x4 m 
spacing

*and **. Correlation is significant at the 0.05 and  0.01 level (2-tailed).

Correlations Biomass Girth Plant
height

Leaf
area

Fibre
length

Fibre
diameter

Biomass 1.000

Girth **0.951 1.000

Plant height **0.786 **0.805 1.000

Leaf area **0.622 **0.634 **0.678 1.000

Fibre length **0.620 **0.698 **0.595 *0.513 1.000

Fibre diameter **0.705 **0.681 **0.568 *0.550 **0.708 1.000

Table 4. Pearson's correlation coefficients of experiment II 
for all parameters of germplasm lines planted at 3.8 
X 5 m spacing

among all the germplasm lines. The fibre length varied from 

(730.00- 886.67 ìm) in lines 69 and MD013 respectively in 

experiment I (Table 1). In the experiment II, 21 lines varied 

significantly and ranged from as low as 706.67 ìm in line 

MD126 to as high as 903.33 ìm in line MD058. This result 

establishes that wood fibre length increases with increase in 

girth. Jorge et al (2000) also observed that with increase in 

age there was an increase in fibre length from pith to 

periphery. The radial variation of fibre length showed an 

increasing trend from pith to the periphery although of small 

magnitude. This is an indication that age, radial position from 

where the wood samples were collected contributed to the 

variation in fibre length. Therefore wood fibre length 

increased with increase in age. Generally, there was 

decrease in fibre length from the base to the top and an 

increase from inner wood to outer wood (Izekor et al 2011). 

Fibre diameter varied significantly among the lines. In 

experiments I, it varied from 17.80-33.30 ìm in lines 69 and 

MD013, respectively (Table 1). Similarly, in the experiment II 

leaf area varied from 21.33-39.67 ìm in the lines MD126 and 

MD058, respectively. This result establishes that with 

increase in girth of the plant, the fibre diameter also 

increases. The observed increase in fibre diameter 

associated with the increasing girth of the tree may be due to 

many molecular and physiological changes that occur in the 

vascular cambium as well as the increase in the wood cell 

wall thickness during the tree ageing process (Plomion et al 

2001, Roger et al 2007).

Correlation among variables: Positive and statistically 

significant relationships were for the biomass with all the 

parameters but biomass with plant height (0.728) and with 

the girth (0.710) in the experiment I (Table 3). The linear 

correlation between the biomass with all other parameters 

was  significantly positive correlated in the experiment II, but 

biomass with the girth (0.951) and plant height (0.786) in the 

experiment II (Table 4). Correlation data showed a significant 

and positive correlations (r=0.951), indicating that 95.1% of 

the variance in the total standing biomass can be explained 

by the girth of the tree. The girth and plant height was the 

major contributor towards standing biomass yield because 

this character had high positive correlation, thus it should be 

evaluated as major concern in increasing biomass under 

rainfed conditions.

CONCLUSION

The line MD013 and MD058 showed relatively good 

growth performance. All lines exhibited significant 

differences in fibre morphology. M. dubia has been identified 

as a diffused porous wood through anatomical 

characterisation. The anatomical characteristics such as 

fibre length and fibre diameter increases with girth of the tree. 

These lines also showed highest cumulative growth in terms 

of girth and biomass accumulation and hence these lines 

have the potential to perform well under semi-arid conditions. 

ACKNOWLEDGEMENTS 

The authors profoundly thank DST-INSPIRE for offering 

fellowship during research work.

REFERENCES

Chaturvedi AN and Khanna IS 1984. Forest mensuration, 
International Book distributers, Dehradun, Uttarakhand (India).

Henry M, Besnard A, Asante WA, Eshun J Adubredu S, Valentini R, 
Bernoux M and Saintandré L 2010. Wood density, phytomass 
variations within and among trees, and allometric equations in a 
tropical rainforest of Africa. Forest Ecology and Management 
260: 1375–1388.

Izekor DN and Fuwape JA 2011. Variations in the anatomical 
characteristics of plantation grown Tectona grandis wood in 
Edo State, Nigeria. Archives of Applied Science Research 3(1): 
83-90.

Jorge F, Quilho T and Pereira H 2000. Variability of fibre length in 
wood and bark in Eucalyptus globules. International 
Association of Wood Anatomists Journal 21(1): 41-48.

LI-COR 1990. LAI–3000 Plant canopy analyzer for rapid, non-
destructive leaf area index measurements. Li-Cor Inc., 
Nebraska, USA, p 181.

Niinemetes U 2007. Photosynthesis and resource distribution 
through plant canopies. Plant, Cell and Environmdent 30: 1052-
1071.

Okogbenin E, Setter TL, Ferguson M, Mutegi R, Ceballos H, 
Olasanmi B and Fregene M 2013. Phenotypic approaches to 

748 R.S. Loushambam, A.S. Devakumar and M. Shankar 



drought in cassava: Review. Frontiers in Physiology 4(93): 1-
15.

Parthiban KT and Govinda RM 2008. Pulpwood based 
indusexperiment agroforestry in Tamil Nadu - A case study. The 
Indian Forester 134: 155–163.

Parthiban KT, Bharathi AK, Seenivasan R, Kamala K and Rao MG 
2009. Integrating Melia dubia in agroforestry farms as an 
alternate pulpwood species. Asia Pacific Agroforestry News 34: 
3-4.

Plomion C, Leprovost G and Stokes A 2001. Wood formation in trees. 
Physiology 127: 1513-1523.

Reddy MT, Prabhakar BC and Akshatha MR 2016. Status of Ground 
water Quality, Hoskote Taluk, Bangalore Rural District, 
Karnataka, India. International Research Journal of 
Engineering and Technology 3(3): 865-871.

Roger MR, Mario TF and Edwin CA 2007. Fiber morphology in fast 
growth Gmelina arborea plantations. Madera y Bosques 13(2): 
3-13.

Sass JE (1971). Botanical microtechnique. The Iowa State 
University Press, Iowa, p 54.

Saravanan V, Parthiban KT, Kumar P and Marimuthu P 2013, Wood 
characterization studies on Melia dubia cav. for pulp and paper 
industry at different age gradation. Research Journal of Recent 
Science 2: 183-188.

Tuzet A, Perrier A and Leuning R 2003. A coupled model of stomatal 
conductance, photosynthesis and transpiration. Plant, Cell and 
Environment 26(7): 1097-1116.

Warren CR and Adams MA 2000. Trade-offs between the 
persistence of foliage and productivity in two Pinus species. 
Oecologia 124: 487-494.

Received 10 September, 2018; Accepted 05 November, 2018

749Performance  of Melia dubia Germpalsms Grown under Semi-arid Conditions



Performance Evaluation of Water Delivery System for Command 
Area of Branch Canal 70 of Jayakwadi Irrigation Project

Indian Journal of Ecology (2018) 45(4): 750-755

Abstract: In this study, distributary wise water delivery system performance of Branch 70 of Jayakwadi Irrigation Project was analyzed using 

different performance indicators. Crop water requirements of different crop were determined using CROPWAT software. In each irrigation year 

the adequacy was below 0.80 which indicates their poor performance. Average adequacy value of all irrigation years was 0.5 showed poor 

performances. For 2010-11 and 2014-15, efficiency were below 0.70 showed poor performances while for 2006-07 and 2009-10, the efficiency 

were above 0.70 showed good performances not because of efficient water use but because of less water use. The average efficiency value of 

all irrigation years showed fair performance. The equity ranges from 0 to 0.1 which reflects there good performance during different irrigation 

years. The average equity value of all irrigation years showed good performance. In case of dependability, for all irrigation years it was above 

0.20, the average values of dependability of all irrigation years indicated poor performance. After considering the irrigation season and the 

whole system, the calculated indicator average values were good for equity, poor for adequacy and dependability, and fair for efficiency. The 

canal delivery system could not provide dependable water supply at right time and at right place with the requirement of crops. These results 

show that there is a systemic water delivery problem in the system. The analysis results of the spatial and temporal dimensions of these 

indicators show that factors causing this problem derive from system management. Hence, there is need to improve the performance with 

some modifications in the operation and management of canal delivery system. 
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India ranks second all over the world in population after 

China. India covers only 2.6 per cent of world's geographical 

area but sustain 16.8 per cent of world's population. The high 

rate of increase of population is also forces to increase crop 

productivity and fulfil the need of such raising population for 

food security. Since independence, many efforts have been 

made to achieve food security, and also made considerable 

improvement. One of the major constraints for higher 

productivity is the availability of irrigation at right time. Water 

is essential for plant growth and food production. It fulfils the 

need of crop evapotranspiration and metabolic activities 

(Tarate and Harish 2018). Large area is under rain fed 

agriculture. The rainfall varies temporally and spatially for 

agricultural production but in some areas it is very scanty. By 

considering the erratic behaviour of the rainfall, there is no 

assured rainfall for agriculture in India. Hence, supply of 

irrigation at proper crop growth stage is important to increase 

crop yield. Accurate estimation of irrigation water 

requirement is essential for irrigation project planning and 

management. Hence, to fulfil the future demand, it is 

necessary to increase the total irrigated area and also 

increase the efficiency of irrigation systems. Poor distribution 

and management of irrigation water in canal delivery system 

is a major cause of low efficiency and thus, there is a need to 

assess the performance of present canal delivery systems in 

the command area to achieve their distribution goals 

(Luciano 2008, Marut et al 2009). Efficient water 

management is crucial to ensure the sustainable use of 

water resources with respect to environmental, social and 

economic dimensions (Baris et al 2010, Korkmaz and Avci 

2012, Paul and Panigrahi 2018). Application of excess water 

than requirement is responsible for waterlogging and salinity 

problems. The uncertainty and undependability in the water 

delivery system causes rise in confusion and conflict among 

farmers (Unal et al 2004). Performance evaluations are 

being carried out for different purposes to improve 

operations of system, to assess the general health of the 

system, to identify constraints, to better understand 

determinants of performance and to compare the 

performance of a system with other systems or with the same 

system over time. In order to assess the performance of 

irrigation canal system of Jayakwadi Irrigation Project, the 

representative branch-70 was selected for investigation 

purpose. By using the CROPWAT software the irrigation 

water requirement was computed and compared with water 

released schedules. 
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MATERIAL AND METHODS

Study area: The Jayakwadi Irrigation Project was 

constructed across Godavari River at Paithan in Marathwada 

region of Maharashtra state. Two canal systems namely 

Right Bank Canal (RBC) and Left Bank Canal (LBC) 

originates from the reservoir having 108 and 208 Km length 
3 -1with carrying capacity of 63.71 and 100.8 m s , respectively. 

The branch 70 of Jayakwadi Irrigation Project is a tributary of 

left bank canal which covers most of the part of Parbhani 

district. The climate of the study area is semi-arid. Parbhani is 
0 0intersected by 19  16' N latitude and 76  47' E longitude and 

located at an altitude of 409 m above mean sea level. The 

average annual rainfall of study area is 95.5 cm. The soil of 

the command area is medium deep black clay. The mean 

maximum and minimum temperature of the study area is 
0 044.6 C and 21.8 C, respectively. The mean relative humidity 

ranges from 30 to 98 per cent. The command area of B-70 is 

divided in to 31 distributaries with a total command area of 

9802 ha (Table 1).

Data collection : The every year distributary wise data in 

respect of canal water released (Q ), area irrigated, cropping D

thpattern and canal operation schedule was collected from 10  

Sub-Division of Jayakwadi Irrigation Project, Parbhani, 

District Parbhani of Maharashtra State Water Resources 

Department for a period of six years i.e. 2006-2007, 2007-

2008, 2009-2010, 2010-2011, 2011-2012 and 2014-2015. 

Due to unavailability of water (during the year 2008-2009, 

2012-13 and 2013-2014) in reservoir, canal water was not 

released in canal network of   B-70 command area. The 

meteorological data of 32 years from the year 1983 to 2014 

was collected from IMD recognized observatory located at 

Department of Meteorology, Vasantrao Naik Marathwada 

Krishi Vidyapeeth, Parbhani of Maharashtra state.

Crop water requirement and irrigation water 

requirement: Two irrigation seasons namely rabi and 

summer from October to May were considered to analyze the 

canal delivery system performance. Monthly net crop 

irrigation requirements were calculated using CROPWAT 

software. Reference evapotranspiration was calculated by 

CROPWAT software using Penman-Monteith method (FAO-

56). Crop coefficients were developed for the grown crops 

using FAO guidelines (Allen et al 1998). Crop wise net 

irrigation requirement was computed as the difference 

between crop evapotranspiration and effective precipitation. 

The effective precipitation was determined using USDA, 

SCS method. Net volume of irrigation requirement (Q ) for R

each distributary was calculated using crop irrigation 

requirement, irrigated area and assumed irrigation efficiency. 

The gross irrigation requirement was determined by 

assuming the overall application and conveyance efficiency 

of 60 per cent. The total volume of irrigation water 

requirement in command area was calculated by adding the 

volume of irrigation water requirement of each distributary.

Determination of performance indicators: Different 

indicators like adequacy, efficiency, equity and dependability 

proposed by number of researchers are used for determining 

the performance of canal water delivery system (Molden and 

Gates 1990, Molden et al 1998).  Performance evaluation 

were carried out to improve system operation, assess the 

general health of a system and impacts of intervention, 

diagnose constraints and to better understand determinants 

of performance and to compare the performance of a system 

with a same system over time. These performance indicators 

were determined to evaluate the irrigation water supply 

system performance.

Adequacy can be defined as the ability of an irrigation system 

to meet the required amount of water. 

Where, 

Pa = Q /Q  (if Q  ≤ Q  ), Pa = 1 (Otherwise),D R ,   …………  D R     …………  

Q is the delivered and Q  is the required amount of D R

water.

Efficiency embodies the ability to conserve water by 

matching water deliveries with water requirements. If the 

system is supplying more than the requirement, it indicate the 

non-conservation of the resources.

Where, 

P  = Q /Q  (if Q  ≤ Q  ), P = 1 (Otherwise),f R D , …………  R D f     …………  

Q is the delivered and Q  is the required amount of D R

water.

Dependability expresses the ability to find water at right time 

and in the place desired in the system. In this respect, 

dependability comes to mean that the water can be delivered 

at promised flow rate and duration. The major reason for low 

performance of irrigation system is undependable water 

distribution. 

Where,

CV = Temporal coefficients of variation of Q /Q over the T   D R 

time period T.

4. Equity expresses the degree of variability in relative water 

delivery from point to point over the irrigated area. Equity, as 

related to water delivery system, can be defined as the 
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delivery of a fair share of water to user throughout a system.

Where,

CV = Spatial coefficients of variation of Q /Q over the R   D R 

region R.

In these expressions, adequacy (P ) was calculated as a A

spatial and temporal average of Q /Q (Eq.1). When Q >Q  D R D R

the delivery was considered adequate, regardless of the 

magnitude of excess and Q /Q was taken as the one. D R 

Efficiency (P ) was calculated as a spatial and temporal F

average of Q /Q  (Eq.2). Dependability (P ) was calculated R D D

as the average coefficient of variation (CV ) of Q /Q that T D R 

occurred over the region R i.e. temporal (Eq. 3). Equity (P ) E

was calculated as the average coefficient of variation (CV ) of R

Q /Q over time period T i.e. spatial (Eq. 4).  The time period T D R 

is the 9-month period of rabi and summer season. Sub region 

(R) is delivery point within the system which was considered 

as 21 as per water users society in the present investigation. 

During 2014-15, summer season was uncultivated due to 

non-release of canal irrigation water; hence this season was 

neglected to measure performance of system.

The estimated values of performance indicators were 

compared with the standard values as suggested by Molden 

and Gates (1990) (Table 2). Based on the performance 

standards, the performance class of existing canal water 

delivery system was selected.

Accordingly, the canal irrigation system performance 

and thereby amount of water released to meet the irrigation 

requirement was studied. The over and under release of 

water in canal irrigation system was considered to diagnose 

the optimal utilization of irrigation water in canal system 

network.

RESULTS AND DISCUSSION          

Comparison of actually released water and irrigation 

water requirement in the command area: For the years, 

2006-07 and 2009-10 there were shortage of irrigation water 

...............4å
=

=
R

R

QRQDCVTTPD
1

)/(/1

Water users society Name of distributary I.C.A. (ha) Villages under I.C.A. Location (Latitude & Longitude)

1. B-70-5R,6R,5L 591 Karegaon 19° 15' 6" N & 76° 49' 23.19" E

2. B-70-7R 255 Shendra 19° 12' 52.2" N & 76° 49' 17.04" E

3. B-70-7L 638 Asola 19° 16' 9.38" N & 76° 51' 11.17" E

4. B-70-8R 182 Pingali 19° 12' 42.88" N & 76° 51' 18.42" E

5. B-70-10R,11R 337 Pingali 19° 12' 34.94" N & 76° 51' 41.41" E

6. B-70-12L 824 Tattujawala 19° 13' 23.64" N & 76° 53' 29.48" E

7. B-70-9L,10L,13L 748 Pingli 19° 12' 43.82" N & 76° 51' 27.1" E

8. B-70-13R 237 Mirkhel 19° 12' 13.61" N & 76° 54' 45.28" E

9. B-70-14L 557 Ukhlad 19° 14' 49.06" N & 76° 53' 48.18" E

11. B-70-15R 496 Mirkhel 19° 12' 6.78" N & 76° 55' 7.44" E

10. B-70-16L,18L 658 Pimpri 19° 29' 35.09" N & 76° 48' 17.95" E

12. B-70-17R 463 Islampur 18° 58' 55.1" N & 76° 28' 44.48" E

13. B-70-19R 453 Islampur 18° 58' 21.41" N & 76° 30' 4.89" E

14. B-70-20L 496 Ganpur 19° 12' 17.5" N & 76° 55' 46.21" E

15. B-70-21L 530 Kanhegaon 19° 12' 6.13" N & 76° 59' 37.06" E

16. B-70-22L,22R,23R 327 Ganpur 19° 11' 54.37" N & 76° 57' 40.95" E

17. B-70-23L 446 Khujda 19° 11' 12.25" N & 76° 59' 3.43" E

18. B-70-24R 355 Mahatpuri 18° 59' 53.67" N & 76° 42' 6.23" E

19. B-70-25L,27L,28L 651 Hatakarwadi 19° 10' 24.66" N & 76° 58' 28.39" E

20. B-70-26R 153 Ekrukha 19° 19' 23.41" N & 77° 2' 30.06" E

21. B-70-29R 405 Ekrukha 19° 19' 20.82" N & 77° 3' 7.9" E

B-70 -  Total I.C.A 9802

Table 1. Distributary wise irrigable command area (I.C.A.) of the Branch-70

Measure Performance classes

Good Fair Poor

PA 0.90-1.00 0.80-0.89 <0.80

PF 0.85-1.00 0.70-0.84 <0.70

PE 0.00-0.10 0.11-0.25 >0.25

PD 0.00-0.10 0.11-0.20 >0.20

Table 2. Performance Standards for canal water delivery 
system (Molden and Gates 1990) 
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in the command area (Table 3). During the year 2007-08, 

2010-11, 2011-12 and 2014-15 the excess irrigation water 

was released than the crop water requirement.

Determination of performance indicators 

Spatial values of the performance indicators

Spatial average values of adequacy (P ): The values of PaA  

(i.e. ratio of (Q /Q )) equals to zero indicate non release of D R

water in the corresponding month, whereas the value equal 

to 1 indicates the fully adequate delivery of irrigation system. 

Spatial average values of P  varies from 0 to 1 for the different A

years, There were no release of water mostly for October, 

February and June, hence the spatial average values of 

these month presented as zero (Table 4). The spatial 

average values were higher for the year of 2007-08, 2010-11 

and 2011-12 as compared to the other years. However, the 

average values P  did not show any specific trend. During all A

the reported irrigation years average of P value was below A 

0.80 which showed poor performance according to 

performance standard criteria. According to the performance 

standard, adequacy was good in November and December 

for most of the years and fair in May and poor in all other 

months for the different years.

Spatial average values of efficiency (P ): Spatial average F

values of efficiency for different month during irrigation years 

vary from 0.12 to 0.99 (Table 5). During the years, 2014-15 

and 2010-11 poor performance was recorded while the years 

2007-08, 2011-12 showed fair performance.  P  increased for F

Year 2006-
07

2007-
08

2009-
10

2010-
11

2011-
12

2014-
15

Water released 25.17 60.18 1.56 43.24 40.16 19.45

Water requirement 47.97 50.59 3.8 28.1 29.61 10.8

Table 3. Comparison of actually released water and required 
3irrigation water in Mm

Month/Year 2006-
07

2007-
08

2009-
10

2010-
11

2011-
12

2014-
15

October 0 0.99 0 0 0 0

November 0.98 1 0 1 0.95 1

December 0.95 0.99 1 1 0.98 0

January 0 0.92 0 0.98 0.94 0

February 0 0 0 0 0.97 1

March 0.63 0.75 0 0.85 0 -

April 0 0.90 0 0.79 0.77 -

May 0.98 0.95 0 0.95 0.91 -

June 0.98 0 0 0 0 -

Average 0.50 0.72 0.11 0.61 0.61 0.4

Table 4. Spatial average values of adequacy for different 
irrigation years

Month/Year 2006-
07

2007-
08

2009-
10

2010-
11

2011-
12

2014-
15

October 1 0.47 0.92 1 1 1

November 0.70 0.41 0.92 0.14 0.30 0.18

December 0.75 0.55 0.58 0.45 0.73 1

January 1 0.80 0.92 0.50 0.65 1

February 1 1 0.92 1 0.59 0.12

March 0.99 0.90 1 0.69 0.91 -

April 1 0.73 1 0.81 0.82 -

May 0.68 0.58 1 0.39 0.68 -

June 0.53 1 1 1 0.91 -

Average 0.85 0.71 0.92 0.66 0.73 0.66

Table 5. Spatial average values of efficiency for different 
irrigation years

Month/Year 2006-
07

2007-
08

2009-
10

2010-
11

2011-
12

2014-
15

October 0 0.024 0 0 0 0

November 0.057 0 0 0 0.22 0

December 0.10 0.002 0 0 0.04 0

January 0 0.16 0 0.06 0.18 0

February 0 0 0 0 0.13 0

March 0.28 0.34 0 0.23 0 -

April 0 0.21 0 0.34 0.27 -

May 0.33 0.15 0 0.15 0.13 -

June 0.11 0 0 0 0 -

Average 0.097 0.098 0 0.087 0.11 0

Table 6. Spatial average values of equity for different 
irrigation years

2006-07 and 2009-10 not because of more efficient water 

use, but because of water shortages showed water saving 

which results in good performance according to performance 

standard criteria.

Spatial average values of equity (CV ): The CV values R R  

vary from 0 to 0.34. In the year 2009-10 and 2014-15, there 

were only one and two irrigation rotation supplied in 

command area respectively hence, Q  values of all outlets D

were zero so that CV  (Q /Q ) was also zero showing better R D R

performance as regard equity is concerned (Table 6). During 

all the reported irrigation years the average CV value was R 

below 0.10 showed good performance according to 

performance standard criteria.

Temporal values of the performance indicators

The distributaries which was not operated for the year of 

2009-10 and 2014-15 due to shortage of irrigation water 

supply was neglected to measure performance of system.

Temporal average values of adequacy (P ): The temporal A

average values vary from 0.11 to 0.8 for different 
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distributaries (Table 7). The temporal average values of 

adequacy for 2009-10 and 2014-15 were very low because of 

less supply of irrigation water due to rare canal rotations. All 

the irrigation years showed average values of P  below 0.80 A

means poor performance as per performance criteria.

Temporal average values of efficiency (P ): The P  values F F

above 0.80 for different months were in 2006-07 and 2009-10 

not only because of more efficient water use but also due to 

water shortages indicated efficient water use and showed 

good performance, whereas during other years poor 

performance was recorded as per performance standard 

(Table 8). The P values vary from 0.41 to 0.98 for different F 

distributaries for different years. The P  values for the years F

2010-11, 2011-12 and 2014-15 were below 0.70 showed 

poor performances according to performance standard 

criteria while for year 2007-08 fair performance was 

observed.

Temporal average values of dependability (CV ): The T

CV  values ranges from 0.56 to 2.23 indicated that T

throughout the canal system, there was no dependable 

Distributaries /Year 2006-
07

2007-
08

2009-
10

2010-
11

2011-
12

2014-
15

B-70-5L,5R,6R 0.70 0.67 - 0.59 0.59 0.71

B-70- 7R 0.91 0.65 - 0.37 0.49 0.66

B-70-7L 0.95 0.67 0.90 0.57 0.54 0.71

B-70-8R 0.84 0.64 0.93 0.77 0.62 0.65

B-70- 12L 0.87 0.76 - 0.82 0.81 0.68

B-70-10R,11R 0.79 0.88 - 0.80 0.72 0.65

B-70-13R 0.83 0.82 0.87 0.85 0.60 0.61

B-70-14 L 0.91 0.95 0.92 0.90 0.87 0.62

B-70-9L,10L,13L 0.84 0.69 0.93 0.60 0.75 0.67

B-70-15R 0.84 0.75 0 0.69 0.61 0.61

B-70-16L,18L 0.87 0.73 0.96 0.65 0.91 -

B-70-17R 0.98 0.78 0.97 0.65 0.81 -

B-70-19R 0.92 0.79 0.97 0.736 0.78 -

B-70-20L 0.92 0.73 0.971 0.71 0.86 -

B-70-21L 0.94 0.74 0.94 0.51 0.77 -

B-70-22L,22R,23R 0.86 0.74 0.96 0.67 0.83 -

B-70-23L 0.77 0.71 0.93 0.59 0.65 -

B-70-24R 0.76 0.65 - 0.66 0.63 -

B-70-25L,27L,28L 0.78 0.66 - 0.59 0.54 -

B-70- 26R 0.88 0.64 - 0.53 0.67 -

B-70-29R 0.67 0.34 - 0.41 -

Average 0.85 0.71 0.86 0.66 0.69 0.66

Table 8. Temporal average values of efficiency for different 
irrigation years

water release at the right time and at the right place for all the 

years (Table 9). All the values of CV  were above 0.20 for all T

distributaries showed poor performance as per performance 

criteria.

Average values of performance indicators: In each 

irrigation year the P  was below 0.80 which indicates their A

poor performance (Table 10). Average P  value of all A

irrigation years was 0.5 showed poor performance. In case of 

P , for the years 2010-11 and 2014-15, P  were below 0.70 F F

showed poor performances while for the years 2006-07 and 

2009-10, the P were above 0.70 showed good performances F 

not because of efficient water use but because of less water 

use. The average P  value of all irrigation years showed fair F

performance. The data showed P  ranges from 0 to 0.1 which E

reflects there good performance during different irrigation 

years. The average P  value of all irrigation years showed E

good performance. In case of P , for all irrigation years it was D

above 0.20, the average values of P  of all irrigation years D

showed poor performance.

Distributaries/Year 2006
-07

2007
-08

2009
-10

2010
-11

2011
-12

2014
-15

B-70-5L,5R,6R 0.52 0.74 - 0.66 0.8 0.4

B-70- 7R 0.46 0.77 - 0.6 0.8 0.4

B-70-7L 0.36 0.77 0.2 0.66 0.8 0.4

B-70-8R 0.51 0.77 0.2 0.62 0.66 0.4

B-70- 12L 0.52 0.76 - 0.64 0.58 0.4

B-70-10R,11R 0.50 0.61 - 0.60 0.77 0.4

B-70-13R 0.51 0.67 0.2 0.53 0.8 0.4

B-70-14 L 0.48 0.49 0.2 0.40 0.59 0.4

B-70-9L,10L,13L 0.53 0.76 0.1 0.66 0.49 0.4

B-70-15R 0.52 0.75 - 0.66 0.8 0.4

B-70-16L,18L 0.51 0.75 0.1 0.66 0.58 -

B-70-17R 0.44 0.65 0.1 0.66 0.60 -

B-70-19R 0.51 0.70 0.1 0.64 0.61 -

B-70-20L 0.51 0.74 0.1 0.63 0.63 -

B-70-21L 0.35 0.74 0.2 0.75 0.66 -

B-70,22L,22R,23R 0.49 0.72 0.2 0.58 0.66 -

B-70-23L 0.45 0.73 0.2 0.66 0.66 -

B-70-24R 0.52 0.74 - 0.63 0.8 ---

B-70-25L,27L,28L 0.52 0.72 - 0.58 0.8 -

B-70- 26R 0.51 0.77 - 0.66 0.8 -

B-70-29R 0.55 0.77 - - 0.54 -

Average 0.49 0.72 0.16 0.62 0.69 0.4

Table 7. Temporal average values of adequacy for different 
irrigation years
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Distributaries /Year 2006
-07

2007
-08

2009
-10

2010
-11

2011
-12

2014
-15

B-70-5L,5R,6R 0.96 0.57 - 0.75 0.55 1.36

B-70- 7R 1.01 0.56 - 0.91 0.55 1.36

B-70-7L 1.24 0.56 2.23 0.75 0.55 1.36

B-70-8R 0.97 0.56 2.23 0.77 0.75 1.36

B-70- 12L 0.96 0.56 - 0.75 0.80 1.36

B-70-10R,11R 0.96 0.68 - 0.80 0.56 1.36

B-70-13R 0.97 0.64 2.23 0.87 0.55 1.36

B-70-14 L 0.96 0.82 2.23 1.0 0.78 1.36

B-70-9L,10L,13L 0.95 0.56 2.23 0.75 1.00 1.36

B-70-15R 0.96 0.57 - 0.75 0.55 1.36

B-70-16L,18L 0.97 0.57 2.23 0.75 0.78 -

B-70-17R 0.99 0.67 2.23 0.75 0.77 -

B-70-19R 0.97 0.60 2.23 0.75 0.76 -

B-70-20L 0.96 0.57 2.23 0.76 0.75 -

B-70-21L 1.28 0.57 2.23 0.61 0.75 -

B-70-22L,22R,23R 1.00 0.59 2.23 0.79 0.75 -

B-70-23L 1.14 0.59 2.23 0.75 0.75 -

B-70-24R 0.96 0.58 - 0.75 0.55 -

B-70-25L,27L,28L 0.96 0.60 - 0.83 0.55 -

B-70- 26R 0.96 0.56 - 0.75 0.55 -

B-70-29R 0.94 0.56 - - 0.82

Average 1.0 0.60 2.23 0.78 0.69 1.36

Table 9. Temporal average values of dependability for 
different irrigation years

Irrigation year Adequacy
(P )A

Efficiency
(P )F

Equity
(P )E

Dependability
(P )D

2006-07 0.49 0.85 0.099 1.00

2007-08 0.72 0.71 0.10 0.60

2009-10 0.13 0.89 0 2.23

2010-11 0.62 0.66 0.089 0.78

2011-12 0.65 0.71 0.10 0.69

2014-15 0.4 0.66 0 1.36

Average 0.50 0.75 0.066 1.11

Table 10. Water delivery performance values of B-70 canal 
system

CONCLUSION

The canal system has systemic delivery problem. The 

analysis of results of the spatial and temporal dimensions of 

the indicators has showed that this problem is due to 

improper operation and management of irrigation system. 

Throughout the canal system and during all the years, there 

was no dependable water release at the right time and at right 

place. The overall performance of the B-70 canal system is 

poor for adequacy, poor for dependability, fair for efficiency 

but good for equity; hence there is a need to improve the 

performance with some modifications in the operation and 

management of canal system. In general, the various 

suggestions may be made to improve the poor performance 

of the system and to develop optimal water management 

plan in which crop production planning should be done 

according to actual water availability. Excessive water use 

should be prevented. The management system should 

formulate the delivery schedule by considering the rainfall 

pattern, cropping pattern and irrigation requirement of the 

command. If this is done, the problems of water wastage and 

shortage can be solved. It may help to improve the canal 

irrigation management system.
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Determination of Artificial Ground Water Recharge Adequacy 
in Vaniyar Sub-Basin, Tamil Nadu, India

Indian Journal of Ecology (2018) 45(4): 756-762

Abstract: The   main aim of the artificial recharge in water resource management in arid and semi-arid regions is to increase the ground water 

level by surface runoff. In this Vaniyar Sub-Basin, which is in the southern part of Tamil Nadu, India, the factors such as topsoil thickness, 

weathered zone thickness, anisotrophy (formation compactness) and geology are considered, to determine the areas most suitable for 

groundwater recharge in a hard rock aquifer. Using GIS environment Thematic layers were prepared, then classified, weighted and integrated 

for the explained parameters. To determine the relationships between geological units and the appropriate sites for groundwater artificial 

recharge, geology map were derived from GSI geology map. The final integration map gives 7 suitable combinations for recharge sites based 

on topsoil thickness, weathered zone thickness, Dar Zarrouk parameter (Anisotropy) and geology. The excellent category is (topsoil, 
2weathered zone thickness and anisotropy for good combination in Epidote-hornblend gneiss region), covering an area of 64.54 Km . The 

second favorable zone is classified as very good category is topsoil, weathered zone thickness and anisotropy for good combination in 
2Chanockite region) covers an area of 12.64 Km . These areas are highly recommended in suitable for the construction of artificial recharge 

structure includes check dam, percolation tank and recharge well. The outcome of the study indicate that almost 13.05 per cent of the study 

area is considered as appropriate sites for artificial groundwater recharge. 

Keywords: GIS (Geographic information system), VES (Vertical Electrical Sounding), Efficient, Anisotropy 
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Water scarcity is a national problem in most of the region 

of Tamil Nadu which decide food security, the human health 

safety and natural environmental system. In the forthcoming 

century large part of the world going to meet the water 

scarcity estimated by International Water Management 

Institute (IWMI). The main reason for the water scarcity is to 

high usage lead to depletion in ground water level. Another 

reason is to urbanization leads to low rain receiving areas. 

Vanniyar river basin is one of the very important water 

resource in Tamil Nadu. The origin of the Vanniyar river is 

Shervorayan hills and originating at Kombur Vellingiri hills. 

Due to the continuous water source available in the tanks, 

there was a rapid infrastructure development occurred in and 

around the tanks. Since the development of urbanization is 

very rapid, leads to low rain receiving areas. It is become very 

imperative to determination of artificial ground water 

recharge adequacy in Vaniyar Sub-Basin, Tamil Nadu, India. 

There are many geophysical methods which make use of the 

physical properties of earth's materials. Amongst all the 

physical properties, it is the electrical resistivity considerably 

methods are used as one of the most effective geophysical 

methods used for groundwater investigations in hard rock 

terrain. Several studies have been carried out for the 

determination of areas most suitable for artificial recharge. 

An attempt has been made in this paper to determine the 

thickness and resistivity of different sub-surface layers and to 

demarcate the groundwater potential zones and favorable 

sites for artificial recharge in Vaniyar sub-basin by using 

Schlumberger resistivity investigation and GIS. The study 

area, lies between the latitudes 11°46' N to 12°09'39" N and 

longitudes 78°12'27" E to 78°36'65" E covering an area of 
2982.25 km . out of which plain land covers an area of 591.43 

2km  (Fig. 1). The study area falls in Salem and Dharmapuri 

districts of Tamil Nadu. The base map was prepared from 

toposheets Nos. 57L/4, 8, 58, I/1, and 5 of 1:50,000 Scale. 

The ephemeral stream Vaniyar has its source along the 

northern slopes of Shervorayan hills and originating at 

Kombur and takes a course along the northeast in the valley 

and emerges out as the main artery of Dharmapuri district 

with northeast gradient and small portion of catchments area 

falls in Salem district. The Vaniyar sub-basin has 128 total 

revenue villages. The study area is agriculture based and 

water supply is met mainly by dug wells and bore wells. The 

major source for recharge of water in this area is 

precipitation, during monsoon season. The average annual 

rainfall is 859.29 mm (2000 to 2009). The study area is 

underlaid by the Archaean crystalline rocks with undulating 

topography (Fig. 1).



MATERIAL AND METHODS

The study area comes under Dharmapuri district and 

one part of salem district of Tamil Nadu. The total study area, 

lies between the latitudes 11°46' N to 12°09'39” N and 

longitudes 78°12'27” E to 78°36'65” E and it covering an area 
2of 982.25 km . Out of which plain land covers an area of 

2591.43 km  (Fig. 1). The average annual rainfall  in the study 

area is 852 mm (2000 to 2009). Most of the study area is 

covered by the Archaean crystalline rocks, groundwater 

mostly occurs in the fractured zones. The toposheet 57L/4, 8, 

58 I/1, and 5 of 1:50,000 scale was used to  prepare the base 

map and it was registered and digitized for the drainages 

(Vaniyar Sub-Basin). 60 locations (Fig. 1), wear seleced to 

conduct the Schlumberger vertical electrical soundings 

(VES) survey with  the maximum electrode spacing of 250 m. 

The current electrode (AB/2) spacing varied from 1 to 250 m 

and the potential electrode (MN/2) spacing varied from 0.5 to 

25 m. All the data were plotted in the field to check the quality 

of data and to avoid mistakes and were interpreted by curve 

matching techniques from IPI2WIN software. The degree of 

uncertainty of the computed model parameters and the 

goodness of fit in the curve fitting algorithm are expressed in 

terms of error (less <3). Geoelectric layer is characterized by 

two fundamental parameters, its resistivity 'ñ'and thickness 

'h'. The other geoelectric parameters which can be derived 

from these three are (i) total longitudinal conductance (S), (ii) 

total transverse resistance (T) and (iii) aquifer anisotropy (l). 

To find out the deferent layer thickness and resistivity in these 

results are taken into GIS environment. Their attributes are 

added and analyzed in ArcGIS version 9.2 software. Spatial 

analysis tools were used for the preparation of interpolation 

map. The maps were interpolated using inverse distance 

methods to arrive the spatial distribution map. The geological 

map was collected from Geological Survey of India, traced, 

registered and digitized. Then, these maps were integrated 

one over the other to find out the best combinations for 

groundwater potential zone. The final map shows the 

individual polygon combinations, such as its weathered zone 

resistivity and thickness. The weathered zone resistivity map 

was superposed over weathered zone thickness map and 

the result map is designated as output-1 map. The output-1 

map was superposed over anisotrophy (formation 

compactness) map and the result map is designated as 

output-2 map. This output-2 map was superposed over 

geology map and the result map is designated as suitable 

sites for artificial recharge map.

RESULTS AND DISCUSSION

The interpretation of different VES (Vertical electrical 

Sounding) data (Table 1) reveals that the first layer (Top soil) 

resistivity varied from 1.96 Ohm-m to 7144 Ohm-m with 0.85 

m to 5 m thickness. The second (Weathered Zone) layer 

resistivity varied from 3.18 Ohm-m to 5717 Ohm-m with 10 m 

to 71.6 m thickness. The third layer (Fracture Zone-1) 

resistivity varied from 5.79 Ohm-m to 8910 Ohm-m with 7.3 m 

to 158.8 m thickness. Fourth layer (Fracture Zone-2) 

resistivity varied from 9.35 Ohm-m to 5054 Ohm-m with 28 m 

to 185.7 m thickness. 

Top soil thickness and teathered tone thickness: In this 

study, 60 field stations data  have been used for analyzing the 

regional variation of the top soil thickness(Fig. 1 and Table 1). 

The spatial distribution map of topsoil thickness (Fig. 2) was 

prepared using GIS (Table 2). The first layer thickness can 

also be classified in to four classes, such as low thickness, 

medium thickness, high thickness and very high thickness, 

out of which the best groundwater potential area is indicated 

by very high thickness. Very high thickness zones cover an 

Fig. 1. Study area and geophysical survey location map
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VES No. Resistivity Ohm-m /Thickness m Total thickness 'h' m Curve types

ñ & h1 1 ñ & h2 2 ñ & h3 3 ñ & h4 4

1 13.2/2.81 3.18/18.29 7.14/48.6 875/39.3 109 HA
2 55.4/3.38 612/20.62 34.6/36.3 1094/103.7 164 KH
3 251/2.6 771/41.2 2146/75.2 565/78 197 AK
4 124/4 389/16.3 424/57.7 412/138 216 AK
5 138/2.5 568/18.3 36/26.9 242/86.3 134 KH
6 203/2.3 242/46.2 487/31.5 56.7/123 203 AK
7 68/1.7 188/71.6 1880/43.7 121/66 183 AK
8 2581/1.28 589/21.62 3167/71.6 101/100.5 195 HK
9 94/5 46.6/31.9 124/87.1 161/70 194 HA
10 395/1.81 78.7/29.69 7059/62.4 147/73.1 167 HK
11 654/2.1 218/31.6 5438/58.5 336/107.8 200 HK
12 505/3 792/19.2 233/158.8 181 K
13 209/3.7 705/14.6 29.2/14.2 334/184.5 217 KH
14 355/1.5 207/27.9 4470/28.1 454/97.5 155 HK
15 65/2.45 141/23.35 7717/49.3 9.35/81.9 157 AK
16 448/1.98 1620/15.02 535/46.1 346/157.9 221 KQ
17 597/1.98 2357/18.82 69.1/32.4 4275/117.8 171 KH
18 68/2.3 321/16.8 1733/12.5 728/83.4 115 AK
19 2455/2.17 360/36.13 3438/66.7 236/114 219 HK
20 145/3.85 791/34.55 386/56.6 728/143 238 KH
21 868/2.68 508/46.12 773/24.9 53.6/110.3 184 HK
22 151/2.08 390/44.52 1284/90.4 21.3/107 244 AK
23 361/1.08 119/32.52 2462/32.7 708/94.7 161 HK
24 7144/2.76 1034/44.64 2840/52.2 319/54.4 154 HK
25 63.2/3.15 65/41.65 65.5/91.2 65/80 216 KH
26 1.96/2.2 2303/10 4907/23 57/165.8 201 AK
27 296/2.2 745/14.9 1537/43.4 2894/167.5 228 AA
28 2113/2.2 197/22.4 2396/23.7 532/84.7 133 HK
29 331/2.69 113/17.91 3825/46.8 49.8/87.6 155 HK
30 1212/0.85 77.2/10.85 3396/20.8 1123/100.5 133 HK
31 2730/1.45 2231/65.15 2254/53.4 1782/81 201 HK
32 338/2.85 916/25.55 1512/64.5 913/139.1 232 AK
33 151/2.25 283/65.05 1771/64.7 3765/46 178 AA
34 908/2.76 469/66.84 3531/12.2 1714/122.2 204 HK
35 129/2.5 707/15.1 3808/29.1 720/129.3 176 AK
36 19.2/3.12 158/31.88 180/57.6 1700/98.4 191 AA
37 58/3.47 20.4/16.93 389/26.7 1243/114.9 162 HA
38 31.9/3 132/25.7 8910/58.7 605/114.6 202 AK
39 226/2.5 140/47.5 8002/100 547/28 178 HK
40 396/3.16 421/13.74 8465/41.3 2787/170.8 229 AK
41 720/2.45 1137/47.55 113/20.4 2141/160.6 231 KH
42 617/3.26 1242/19.04 448/22.9 4349/149.8 195 KH
43 453/1.97 1896/29.93 321/77.1 2726/101 210 KH
44 382/2.77 201/18.23 1409/18.3 3688/185.7 225 HA
45 35.4/2.24 447/48.76 5.79/48.3 705/148.7 248 KH
46 415/2.55 5717/27.75 57.2/66.6 1770/145.1 242 KH
47 443/2.78 1895/31.52 150/58.2 716/150.5 243 KH
48 44.1/3.34 4205/50.16 6126/21.6 2418/112.9 188 AK
49 8.83/2.83 856/55.27 753/24.6 856/124.3 207 KH
50 128/3.25 2481/26.65 306/48.39 2006/126.2 205 KH
51 68.6/2.4 667/14 1067/39.5 5054/85.1 141 AA
52 49.8/1.54 4.37/10.06 437/7.3 758/131.1 150 HA
53 12.5/2.82 532/19.38 2306/70.1 796/94.7 187 AK
54 130/1.75 55.9/14.25 767/55.7 348/49.3 121 HK
55 583/2.37 1362/17.23 179/38 1225/77.4 135 KH
56 11.5/3.8 233/57.2 2685/13.2 4119/137.8 212 AA
57 45.1/3.3 702/15.4 4293/34.2 1112/83.1 136 AK
58 300/3.25 327/38.95 708/53.7 1750/82.1 178 AA
59 148/3.63 156/13.27 516/29.7 1342/79.4 126 AA
60 275/2.36 4343/15.04 147/76.4 1471/100.2 194 KH

Table 1. Geophysical investigations 
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2area of 44.96 km . Similarlyspatial distribution map of 

weathered zone thickness (Fig. 3) was prepared using GIS 

which (Table 3). The weathered zone thickness can also be 

classified in to four classes, such as low thickness, medium 

thickness, high thickness and very high thickness, the best 

groundwater potential area is indicated by very high 

thickness. The possibility of the best groundwater potential 

areas is related to very high thickness zones. Very high 
2thickness zones cover an area of 34.87 km . 

Dar Zarrouk parameters: Dar Zarrouk parameters (Maillet, 

1947) which are transverse unit resistance (Tr) and 

longitudinal unit conductance (S) play a significant role in the 

interpretation of sounding data.

Longitudinal unit conductance: Longitudinal unit 

conductance values vary from 0.10 to 12.82mhos (Table 4). 

Variations in longitudinal unit conductance from one VES 

point to the other have been used in a qualitative sense to 

indicate changes in the total thickness of low resistivity. Large 

values are indicative of deeper basement and small values 

are indicative of shallow basement and study area posses 

0.1 to 12.82 mhos as longitudinal conductance values and 

this is more prevalent on the upper reaches of the basin.

Transverse unit resistance: In Vaniyarsub-basin, 
2transverse unit resistance values range from 11168.67ohmm  

2to 797284.20ohmm  (Table 4). The property 'T' has been used 

Fig. 3. Weathered zone thickness map

Fig. 4. Spatial variation of aquifer anisotropy
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Fig. 2. Topsoil thickness map



Limiting values Weightage assigned 2Area in Km

Less than 2.05 m Low thickness 254.95 km

2.05 to 2.60 m Medium thickness 2264.62 km

2.60 to 3.23 m High thickness 2227.01 km

More than 3.23 m Very high thickness 244.96 km

Table 2. Topsoil thickness-category and GIS spatial distribution 

Limiting values Weightage assigned 2Area in Km

Less than 18.40 m Low thickness 243.80 km

18.40 to 29.70 m Medium thickness 2259.35 km

29.70 to 45.54 m High thickness 2253.40 km

More than 45.54 m Very high thickness 234.87 km

Table 3. Topsoil thickness-category and GIS spatial distribution 

Loc. 
No.

T value (Total 
transverse 
resistance

S - value (Total 
longitudinal 

conductance

(Anisotropy) Loc. No. T value (Total 
transverse 
resistance

S - value (Total 
longitudinal 

conductance

(Anisotropy)

1 34637.30 12.82 6.112562 34 249026.64 0.22 1.148169

2 148470.09 1.24 2.614844 35 124667.90 0.23 0.957848

3 134467.00 0.24 0.905974 36 181477.74 0.74 1.921434

4 86138.00 0.55 1.003276 37 143912.01 1.05 2.40046

5 46903.20 1.15 1.736325 38 80569.50 0.48 0.978347

6 26244.40 2.44 1.245609 39 36531.00 0.41 0.690921

7 29778.00 0.97 0.930891 40 500442.80 0.11 1.009454

8 68360.76 1.05 1.377102 41 422867.75 0.30 1.543848

9 17285.40 1.87 0.927966 42 705581.10 0.11 1.403618

10 18708.13 0.89 0.771782 43 479147.29 0.30 1.797486

11 57236.00 0.48 0.828543 44 693262.27 0.16 1.486167

12 142491.00 0.71 1.759431 45 148298.62 8.73 4.586758

13 82700.30 1.08 1.375383 46 797284.20 1.26 4.137259

14 56389.50 0.36 0.919285 47 279008.94 0.62 1.713109

15 11168.67 8.97 2.015923 48 574890.29 0.14 1.49758

16 154534.84 0.56 1.32661 49 174794.51 0.56 1.515398

17 625502.60 0.51 3.295643 50 441012.75 0.26 1.648138

18 70276.90 0.21 1.051164 51 465944.54 0.11 1.604405

19 69250.15 0.60 0.933632 52 99526.36 2.52 3.340456

20 176761.90 0.41 1.135653 53 123019.81 0.41 1.203031

21 44316.48 2.18 1.690766 54 21294.11 0.48 0.837855

22 55211.98 5.22 2.200581 55 171419.97 0.29 1.65779

23 75198.66 0.42 1.108173 56 584045.10 0.61 2.825383

24 137203.60 0.23 1.159704 57 127375.23 0.18 1.106561

25 14034.33 3.31 0.998393 58 174946.55 0.25 1.181252

26 85453.91 4.04 2.923304 59 113795.36 0.23 1.273644

27 528829.70 0.11 1.074762 60 545167.12 0.60 2.947805

28 58790.70 0.28 0.971284 Minimum 11168.67 0.10 0.690921

29 12565.10 1.94 1.006738 Maximum 797284.20 12.82 6.112562

30 116335.08 0.24 1.248108 Total 12478035.09 77.08 98.41536

31 412785.55 0.10 1.005121

32 210447.40 0.23 0.95106

33 210249.00 0.29 1.395592

Table 4. Dar Zarrouk parameters and aquifer anisotropy values
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to indicate the varying thickness of high resistivity materials 

and or variations in their transverse resistance. Increasing T 

values are indicative of an increase in the thickness of the 

resistive materials. It has been noticed that increasing T  have s

coincided with high transmissivities of aquifers. 

Coefficient of anisotropy: The coefficient of anisotropy 



Limiting values 2Area in Km

Charnockite 2683.01 km

Epidote-hornblende gneiss 2295.68 km

Granite 21.37 km

Hornblende-biotite gneiss 22.19 km

Table 5. Geology – GIS spatial distribution results

Fig. 5. Geology map

Suitable combination of artificial recharge 2Area in Km

High Thickness - High Thickness - High Porosity and Permeability (<1.5) - Charnockite 210.00 km

High Thickness - High Thickness - High Porosity and Permeability (<1.5) - Epidote-hornblende gneiss 249.84 km

High Thickness - Very High Thickness - High Porosity and Permeability (<1.5) - Charnockite 20.27 km

High Thickness - Very High Thickness - High Porosity and Permeability (<1.5) - Epidote-hornblende gneiss 210.11 km

Very High Thickness - High Thickness - High Porosity and Permeability (<1.5) - Charnockite 22.37 km

Very High Thickness - High Thickness - High Porosity and Permeability (<1.5) - Epidote-hornblende gneiss 24.33 km

Very High Thickness - Very High Thickness - High Porosity and Permeability (<1.5) - Epidote-hornblende gneiss 20.26 km

Table 6. Geology – GIS spatial distribution results

Fig. 6. Suitable sites for artificial recharge area map
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varies from 0.69to 6.11 (Table 4) and The area having low 

anisotropy values and the area having highest water table 

fluctuation (Fig. 4). Hence it can be considered that areas are 

characterised with high porosity and permeability.

Geology: The study area is mainly underlain by charnockite 

and Epidote-hornblende gneiss. Charnockite is the dominant 

group of rocks covering major parts of the study area, 

followed by the Epidote-hornblende gneiss rocks. The 

Epidote-hornblende gneiss is comparatively porous and can 

be measured as favourable for groundwater storage (Fig. 5). 

This rock and its related combinations usually act as a 

favourable zone for groundwater. 

Recommendation from GIS analysis: Each thematic map 

such as topsoil thickness (Fig. 2), weathered zone thickness 

(Fig. 3) coefficient of anisotropy (Fig. 4) and  geology (Fig. 5)  

provides positive clues for the artificial recharge of 

groundwater. In order to get all these information unified, it is 

essential to integrate these data with appropriate factor. 

Therefore, numerically these information are integrated 

through the application of GIS. Different thematic maps are 

reclassified on the basis of weightage assigned, and brought 

into the "Raster Calculator" function of Spatial Analysis tool for 

integration. A simple arithmetical model has been adopted to 

integrate various thematic maps. The final (Artificial Recharge 

Zone) map (Fig. 6) reveals that there are 7 combinations is 

highly recommended for artificial recharge structure construct 

the check dam and percolation pond (Table 6). 

CONCLUSION

The present research work using GIS for vertical 

electrical sounding (VES) proves to identify the groundwater 

recharge zone through geophysical survey. Dar Zarrouk 

parameters indicate that this area is experienced by low 

porosity and permeability. The final integration map gives 7 

suitable combinations for recharge sites based on topsoil 

thickness, weathered zone thickness, Dar Zarrouk 

parameter (Anisotropy) and geology. The excellent category 

is (topsoil, weathered zone thickness and anisotropy for good 

combination in Epidote-hornblend gneiss region), covering 
2an area of 64.54 Km . The second favorable zone is classified 

as very good category is topsoil, weathered zone thickness 

and anisotropy for good combination in Chanockite region) 
2covers an area of 12.64 Km . These areas are highly 

recommended in suitable for the construction of artificial 

recharge structure.
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Study of Deterioration Level of Water Quality
 along Mahim Creek of Mumbai 

Indian Journal of Ecology (2018) 45(4): 763-767

Abstract: The present investigation along the Mahim creek of Mumbai was performed for the study of water quality parameters using water 

quality Index during October 2016 to September 2017. Samples were collected from three stations viz. Mahim-Bandra Pipe Line, Bandra-Sion 

Link Road and Bandra-Kurla Complex along the creek. National Sanitation Foundation's water quality index (NSFWQI) method followed with 

modified relative weights assigned by Central Pollution Control Board using unique score value that state the level of deterioration. The Mahim 

creek water quality was bad to very bad throughout the year indicating inappropriate for propagation of aquatic life and commercial fisheries. It 

could be due to domestic waste and industrial effluents released indiscriminately that have severely deteriorated the quality of creek water. 

Present investigation suggests that, effluents treatment is required to bring them into the biodegradable belt and make sure that local sewer 

limits liquid waste especially during premonsoon season. The mangrove plantation should be made along the creek to protect the aquatic 

ecosystem and mangrove forest.
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Quality of aquatic environment and natural abundance 

of fish and shell fish species along coastal water have been 

affected gradually due to the hasty industrialization, 

urbanization and enlargement of slum neighborhood. 

Without concern of appropriate development has resulted 

into expulsion of enormous quantity of industrialized effluents 

as well as domestic unprocessed dirt and liquid waste into the 

creek system that has significantly depleted aquatic 

organisms. Due to loss of aquatic organisms the ecosystem 

is greatly affected than terrestrial ecosystems (Sala et al 

2000). In existing situation, quality of aquatic ecosystems has 

become international and national health issues through 

ecological assessment point of view. For better indulgent, a 

water quality index (WQI) seems predominantly imperative 

issue delve into assessing the health condition of the creek 

water bodies (Baskaran et al 2013, Hoseinzadeh et al 2015, 

Barakat et al 2016). Elevated level of organic wastes results 

in high organic demand utilized by microbes, which latter 

produces ammonia from organic nitrogen compounds 

retards into fish metabolic activity and invertebrates 

communities residence in tainted creek system (Ayoola and 

Kuton, 2009). A number of studies have been conducted so 

far to determine contamination levels on the Mahim creek. 

Information on prelude surveys on effluence study of said 

creek reached at a disquieting stage and requires great 

awareness (NEERI 2011, Shah and Bhave 2014). The 

present effort deals with the WQI to investigate the 

deterioration level at different stations along the Mahim creek 

of Mumbai coast. This study will help us in discerning the 

health status relentlessly affected due to unrestraint use of 

industrialized waste matter and household wastes from the 

nearby areas. 

MATERIAL AND METHODS

Study area: The Mahim creek is located at 19°03'02.88'' N 

latitude and 72°50'37.18'' E longitude along western Arabian 

coast of India and receives overflow from the Vihar and 

Powai lake during monsoon through the Mithi river which 

drains into creek and further ends into Arabian sea. The creek 

receives domestic untreated sewage as well as industrial 

desecrate effluents from nearby suburban complexes and 

small scale industrialized zone which are the foremost 

sources of contaminants to the creek water. The creek is 

inundated by immeasurable stretch of mangroves, which in a 

small numbers have been ruined due to developmental 

actions along the creek belt. Runoff from the Mithi river 

further decreased with the commencement of post monsoon 

foremost to stagnant condition of water bodies due to 

expulsion of effluents and sewages into creek.

Sample collection: Three stations namely Mahim-Bandra 

Pipe line (S1) latitude 19°03'02.88'' N and 72°50'37.18'' E 

longitude, Bandra-Sion Link road (S2) latitude 19°03'05.99'' 



N and 72°50'54.52'' E longitude and Bandra-Kurla Complex 

(S3) latitude 19°03'10.89'' N and 72°51'11.01'' E longitude 

were selected for study along the creek. Sampling stations 

were fixed at equidistance of 500m using GEP satellite 

imagery software (Version 7.3). The depth of S1 was 6-8 m 

depending on the tide. This station experienced maximum 

tidal influence. S2 between Bandra-Sion link road which was 

selected further north of S1. The depth at this station was 

around 8-10 m. S3 was selected west to S2. This region of the 

creek was the shallowest averaging around 4-6 m. This 

station had the slightest tidal sway, but received freshwater 

inputs from Mithi riverine system and sewage waste from 

industrial and residential areas. The sampling was done from 

respective stations during postmonsoon (October 2016 to 

January 2017), premonsoon (February to May 2017) and 

monsoon (June to September 2017). Surface water samples 

were collected fortnightly in triplicates during high tide and 

their monthly average values were presented. Water quality 

parameters viz. pH was measured using pH tester (Eutech 

Instruments), fecal coliform (a three tube MPN technique), 

dissolved oxygen, and biochemical oxygen demand were 

analyzed according to the standard methods described in 

APHA (2012).

The NSFWQI is expressed mathematically as: 

                   

where, p = number of water quality parameters,  Wi = weight 

of water quality parameter, Ii = sub index for ith water quality 

parameter

For bathing, contact water sports, propagation of aquatic 

ecosystem and commercial fishing, the water quality criteria 

for class sea water (SW)- II permissible limits and modified 

weights as per CPCB, (2001) were pH 6.5-8.5 and 0.22; DO  2

>4 mg/L and 0.31; colour and odour with no noticeable colour 

and offensive odour where weight is not prescribed; BOD (3 

days at 27°C) was <3 mg/L and 0.19; floating matters nothing 

obnoxious or detrimental for use purpose weight is not given; 

fecal coliform standard count is 100MPN/100 mL and 0.28 

respectively. The sub-index equation for computation of 

NSFWQI calculated as prescribed by Abbasi (2002). The 

range of the NSFWQI corresponding to various designed 

best use classification is presented in Table 1. Pearson 

correlation matrix was used to investigate the relationship 

between water quality parameters and WQI.

RESULTS AND DISCUSSION

In the station S1, maximum pH concentration was 7.62 

and minimum 7.38 when compared to S2 showing highest 

and lowest concentration of 7.57 and 7.31 respectively 

followed by S3. In case of DO , S3 recorded highest 4.13 and 2

NSFWQI Description of water quality Remarks

63 - 100 Good to excellent Non polluted

50 - 63 Medium to good Non polluted

38 - 50 Bad Polluted

38 and less Bad to very bad Heavily polluted

Table 1. NSFWQI for various designed best use*

*Source: CPCB, 2001

Variables pH DO BOD FC WQI

pH 1 **-0.426 **0.615 **0.296 **-0.584

DO 1 **-0.801 -0.126 **0.952

BOD 1 **0.429 **-0.902

FC 1 **-0.361

WQI 1

Table 2. Correlation coefficient matrix of water quality 
parameters of three stations

**.Correlation is significant at the 0.01 level

lowest 2.60 mg/L concentration significantly smallest values 

when compared to S2 followed by S1. Similarly, S3 has 

shown highest 14.12 mg/L and lowest 9.15 mg/L 

concentration of BOD significantly higher than S2 

subsequently S1. In the case of fecal coliform, location S3 

showed maximum and minimum 18000 and 4200 

MPN/100mL respectively recorded highest values 

significantly differ from S2 followed by S1. In the present 

study, low DO levels, high BOD concentration and worst FC 

quantification warrants urgent mitigation measures in the 

creeks as supported by DOD. Many earlier workers   

reported the growth of unwanted algae due to leaching of 

fertilizers in water bodies results into higher BOD (Kamble et 

al 2010, Stephen et al 2014, Tiwari and Bajpai 2014, Dhawan 

et al 2014). There was evidence of discolouration and foul 

smell observed along all three stations that shows the 

deterioration of water bodies due to various contaminants 

thereby causing detrimental impact on the aquatic organisms 

especially copepods from the zooplankton groups of the 

creek water (Minutoli et al 2007). The floating matters were 

observed that may be obnoxious or detrimental for benefit 

use purposes (NIO 2006, Lad and Patil 2014). All the 

parameters found beyond the standards of CPCB, which 

makes worse usages especially for aquatic life and 

commercial fishing. The present study reveals that, the WQI 

results or each parameter assessed for water quality can be 

compared with the existing historical data. The overall 

average WQI unique value computed from three stations 

were 43.38 which classifies the creek water under bad to very 

bad category. Average maximum, median and minimum WQI 

score recorded for S1, S2 and S3 was 44.73, 43.59 and 41.84 

respectively that classifies into bad, bad and bad to very bad 

 

NSFWQI =         
p

i=1
Ó WiIi  
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 Month pH BOD

S1 Ii S2 Ii S3 Ii S1 Ii S2 Ii S3 Ii

Oct 7.49 20.54 7.41 21.09 7.32 22.56 9.64 5.54 9.87 5.24 9.93 5.16

Nov 7.49 20.57 7.40 21.11 7.40 21.11 10.05 5.00 10.14 5.02 10.19 5.01

Dec 7.50 20.50 7.41 21.05 7.49 20.52 10.47 4.94 10.54 4.93 10.61 4.91

Jan 7.52 20.35 7.51 20.41 7.50 20.50 11.04 4.81 11.28 4.76 11.53 4.70

Feb 7.54 20.24 7.40 21.14 7.57 20.02 11.32 4.75 11.55 4.69 11.84 4.62

Mar 7.51 20.43 7.45 20.83 7.65 19.49 11.85 4.62 11.92 4.61 12.06 4.57

Apr 7.52 20.37 7.52 20.35 7.69 19.23 12.46 4.48 12.53 4.46 12.67 4.43

May 7.62 19.67 7.57 20.00 7.53 20.26 13.53 4.23 13.71 4.19 14.12 4.09

Jun 7.42 20.98 7.31 22.46 7.41 21.07 8.76 6.72 9.12 6.24 9.57 5.64

Jul 7.38 21.27 7.31 22.46 7.46 20.74 8.70 6.80 9.30 6.00 9.72 5.44

Aug 7.52 20.37 7.42 21.00 7.51 20.39 8.64 6.88 9.56 5.65 9.87 5.24

Sep 7.48 20.63 7.34 22.71 7.41 21.05 8.13 7.55 8.32 7.30 9.15 6.19

Objective 6.5 - 8.5 6.5 - 8.5 6.5 - 8.5 3.00 mg/L 3.00 mg/L 3.00 mg/L

Wi 0.22 0.22 0.22 0.19 0.19 0.19

 Month DO2 Fecal coliform

S1  % Sat Ii S2 % Sat Ii S3 % Sat Ii S1 Ii S2 Ii S3 Ii

Oct 3.47 53.33 15.14 3.14 48.36 13.34 3.11 47.85 13.15 1100 5.25 1500 4.96 4200 3.99

Nov 2.86 43.95 11.74 2.67 41.08 10.70 2.60 40.03 10.32 1230 5.15 1800 4.79 5500 3.74

Dec 2.91 44.77 12.04 2.66 40.92 10.64 2.64 40.55 10.51 1800 4.79 2300 4.56 6800 3.54

Jan 2.93 45.08 12.15 2.84 43.69 11.65 2.76 42.51 11.22 2000 4.69 3500 4.16 8500 3.33

Feb 2.96 45.54 12.32 2.80 43.08 11.42 2.77 42.67 11.27 1900 4.74 4700 3.88 10000 3.17

Mar 2.89 44.46 11.93 2.78 42.72 11.29 2.74 42.22 11.11 2100 4.64 7200 3.48 12000 3.00

Apr 2.75 42.31 11.14 2.73 42.00 11.03 2.70 41.54 10.87 3500 4.16 9000 3.27 15000 2.79

May 2.68 41.23 10.75 2.68 41.23 10.75 2.65 40.77 10.59 4000 4.04 11000 3.08 18000 2.62

Jun 3.56 54.72 15.65 3.50 53.80 15.31 3.54 54.48 15.56 1600 4.90 8000 3.38 14000 2.86

Jul 3.74 57.49 16.65 3.69 56.77 16.39 3.67 56.46 16.28 1300 5.10 6400 3.59 10000 3.17

Aug 3.97 61.12 17.97 3.75 57.69 16.72 3.74 57.54 16.67 1500 4.96 4200 3.99 8900 3.28

Sep 4.32 66.41 19.89 4.24 65.18 19.44 4.13 63.54 18.84 1978 4.70 6800 3.54 9700 3.20

Objective 4.00
mg/L

4.00
mg/L

4.00
mg/L

100 
MPN

100 
MPN

100 
MPN

Wi 0.31 0.31 0.31 0.28 0.28 0.28

Table 3. Examples of WQI calculation for three different sampling stations during 2016-17

S1, S2, S3 – Sampling stations; Ii – Sub index for ith water quality parameter; Wi - Weight of water quality parameter; % sat – Percent saturation

water quality respectively and is supported by Chatterji and 

Raziuddin (2002).  From the study it was projected that the 

WQI varies from station to station and would expose any 

point-source effects on the Mahim creek water. However, it 

was not the sampling station that varies significantly but the 

variation occurred due to seasonal alteration (USEPA 2002, 

Berlemann 2013, Singare et al 2014). 

The variation in WQI among locations S1, S2 and S3 

reported.  During monsoon, the WQI vary from 46.41 to 50.25 

classifying it into bad water quality category which is due to 

runoff from adjacent residential and industrial effluent. 

Similarly, during postmonsoon, WQI recorded from 41.06 to 

43.30 again reflects bad water quality which is polluted due to 

adjacent sewers and hotels. Subsequently, during 

premonsoon, WQI varied between 38.04 to 40.63 ranking 

into bad to very bad water quality class, that is due to 

excessive drains of sewage and liquid waste into creek water. 

During all the season in  S3 is WQI was  lowest indicating bad 

to very bad water quality which is due to Escherichia coli, DO  2

and BOD concentrations. During premonsoon, warmer water 

allows E. coli to persist and does not hold as much DO Also 2.  

increase in the decaying organic material too affect DO  2

(Hallock 2002, Varshney et al 2006). In the present study 

using WQI, accumulated enough data to have a solid 
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Station Postmonsoon (Oct - Jan 2016-17) Premonsoon (Feb-May 2017) Monsoon (Jun-Sept 2017)

S1 pH 20.54 20.57 20.50 20.35 20.24 20.43 20.37 19.67 20.98 21.27 20.37 20.63

DO2 15.14 11.74 12.04 12.15 12.32 11.93 11.14 10.75 15.65 16.65 17.97 19.89

BOD 5.54 5.00 4.94 4.81 4.75 4.62 4.48 4.23 6.72 6.80 6.88 7.55

FC 5.25 5.15 4.79 4.69 4.74 4.64 4.16 4.04 4.90 5.10 4.96 4.70

WQI 46.48 42.45 42.27 42.00 42.04 41.63 40.15 38.69 48.25 49.81 50.17 52.77

S2 pH 22.09 21.11 21.05 20.41 21.14 20.83 20.35 20.00 22.46 22.46 21.00 21.71

DO2 13.34 10.70 10.64 11.65 11.42 11.29 11.03 10.75 15.31 16.39 16.72 19.44

BOD 5.24 5.02 4.93 4.76 4.69 4.61 4.46 4.19 6.24 6.00 5.65 7.30

FC 4.96 4.79 4.56 4.16 3.88 3.48 3.27 3.08 3.38 3.59 3.99 3.54

WQI 45.64 41.62 41.18 40.98 41.13 40.21 39.11 38.02 47.40 48.45 47.37 51.99

S3 pH 22.56 21.11 20.52 20.50 20.02 19.49 19.23 20.26 21.07 20.74 20.39 21.05

DO2 13.15 10.32 10.51 11.22 11.27 11.11 10.87 10.59 15.56 16.28 16.67 18.84

BOD 5.16 5.01 4.91 4.70 4.62 4.57 4.43 4.09 5.64 5.44 5.24 6.19

FC 3.99 3.74 3.54 3.33 3.17 3.00 2.79 2.62 2.86 3.17 3.28 3.20

WQI 44.86 40.18 39.48 39.74 39.09 38.18 37.32 37.56 45.12 45.63 45.58 49.29

Table 4. Pooled seasonal WQI for three different sampling stations

baseline and understanding of water quality on Mahim creek 

which is heavily deteriorated by urban and industrial effluents 

is supported by Devi and Nagendran, (2017) and Chauhan 

and Bhardwaj (2017).

The pH shows negative correlation (-0.426) with DO  2

and it is independent of (0.615) BOD, (0.296). The FC 

showed significant negative correlation with WQI (-0.584). 

Similarly, DO is negative correlated (-0.801) with BOD and (-2 

0.126) FC and significantly positive correlation) with WQI 

(0.952. Subsequently, BOD showed positive correlation 

(0.429) with FC and negative correlation (-0.902) with WQI. 

In the present study water pH ranged from neutral to alkaline 

indicating the waste water effluent contamination. Below pH 

6.5 and DO  <4 mg/L, alters metabolism, retards growth of 2

aquatic species, reproduction and causes heavy mortality 

(Tiwary and Thakur 2012). After pH, BOD is another indicator 

of water quality that has shown close correlation with fecal 

coliform and inverse relationship with DO . Both BOD and FC 2

were negatively correlated with WQI and used to assess the 

waste water pollution of surface and ground waters 

influenced by biodegradable organic matter as supported by 

earlier researchers (Khan et al 2004, Dhage et al 2006, 

Foster et al 2011, MPCB 2016). 

CONCLUSION

Based on the results obtained, it can be said that, some 

of the samples have DO , BOD and fecal coliform levels 2

exceeding the standard limits as prescribed by CPCB. Based 

on WQI the Mahim creek water quality was bad to very bad 

throughout the year indicating that the water is unsuitable for 

fisheries and relevant activity mentioned in SW II standards. 

It could be that due to domestic waste and an industrial 

effluent released indiscriminately has severely deteriorated 

the quality of Mahim creek water. Present investigation 

suggests that, the effluents treatment is required to bring 

them into the biodegradable belt and make sure that local 

sewer limits are maintained. The illegal encroachment, 

reclamation construction, dumping along the creek should be 

stopped and mangrove plantation should be done along the 

creek to protect the aquatic ecosystem and mangroves. 
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Air Quality Index for Environmental Impact Assessment
of the Port Development at Beypore

Indian Journal of Ecology (2018) 45(4): 768-773

Abstract: The concept of an air quality index (AQI) that transforms weighted values of individual air pollution related parameters (e.g. SO , CO, 2

visibility, etc.) into a single number or set of numbers is widely used for air quality communication and decision making in many countries. The 

objective of an AQI is to quickly disseminate air quality information (almost in real-time) that entails the system to account for pollutants which 

have short-term impacts. Eight parameters (PM , PM NO , SO , CO, O , NH , and Pb) having short-term standards have been considered for 10 2.5, 2 2 3 3

near real-time dissemination of AQI. It is recognized that air concentrations of Pb are not known in real-time and cannot contribute to AQI. The 

major air pollutants involved in this particular construction project are suspended particulate matter, sulphur dioxide and nitrogen dioxide.  An 

air quality monitoring was done for the development of Beypore harbour construction. In this study, the air quality parameters of PM , PM , 10 2.5

SO  and NO  were monitored for the regular interval period for four different locations and the corresponding AQI was calculated. As per the 2 2

AQI classifications, all the locations are coming under minimal impact category which also requires rigid control measures to reduce the 

particulate matters in the air. The obtained air quality index can be used in environmental quality performance indexing for future developments 

in that spatial region. 
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According to the Bureau of Indian Standards, [IS 4167 

(1966)] air pollution is defines as “the presence in ambient 

atmosphere of substances, generally resulting from the 

activity of man, in sufficient concentration, present for a 

sufficient time and under circumstances such as to interfere 

with comfort health or welfare of persons or with reasonable 

use or enjoyment of property”. In addition to land and water, 

air is the prime resource for sustenance of life. With the 

technological advancements, a vast amount of data on 

ambient air quality is generated and used to establish the 

quality of air in different areas. The large monitoring data 

result in encyclopedic volumes of information that which is to 

describe air quality is to report the concentrations of all 

pollutants with acceptable levels (standards). The concept of 

an Air Quality Index (AQI) has been developed and used 

effectively in many developed countries for over last three 

decades (Ontario 2013, USEPA 2014). There have not been 

significant efforts to develop and use AQI in India, primarily 

due to the fact that a modest air quality monitoring 

programme was started only in 1984.The development of an 

efficient and comprehensible AQI scale is required for 

citizens and policy makers to make decisions to prevent and 

minimize air pollution exposure and ailments induced from 

the exposure. Large quantities of pollutants have been 

released into the atmosphere; whereas the rate of ejection is 

beyond the limits of natural cleansing ability and 'buffering 

capacity' of the atmosphere. The manmade activities have 

been responsible for these emissions. Nitrogen dioxide 

(NO ), sulphur dioxide (SO ) and suspended particulate 2

matter (SPM) are the major air pollutants which are 

influences the air pollution in India which are present in the air 

due to burning of fossil fuels and affect the living being. In this 

present work, an attempt has been made to evaluate the 

concentrations of ambient air pollutants such SPM, SO  and 2

NO  from December 2013 to March 2014 at four different 2

locations nearby the proposed project area with different 

geographic conditions. 

MATERIAL AND METHODS 

Study area: As per the Ministry of Environment Forest & 

Climate Change guidelines, the sampling locations for the 

Environmental Impact Assessment study have been 

considered as for 10km radius keeping the proposed project 

site at center (Fig. 1).

Four air quality sampling locations representing different 

activity areas i.e., one each in commercial, industrial, mixed 

and ecological were selected (Table 1). As per ambient air 

quality standards specified by Central Pollution Control Board, 

the ambient air quality at various mentioned locations from the 

period of December 2013 to March 2014were monitored.

2



Sampling methodology: Twenty-four air samples were 

collected from each location with a frequency of two samples 

per week. Suspended particulate matter (SPM) of size above 

10ìm present in ambient air was measured by using 

respirable dust sampler with a cyclone attachment for a period 

of one day by sucking known quantity of air through glass 

filters. The mass concentration of SPM was calculated by 

measuring the weight of collected matter in known volume of 

air sampled. The final results were expressed in terms of 
3ìg/m .The determination of sulphur dioxide (SO ) was done by 2

modified West and Gaeke method whereas Jacob Hochheiser 

method was used to estimate the concentration of NO  in the 2

air. The ambient air quality monitoring was carried out with a 

frequency of two samples per week for twelve consecutive 

weeks at four locations in the study period. The parameters 

monitored were particulate matter less than 10 (PM ) and 2.5 10

microns (PM ), sulphur dioxide (SO ) and Nitrogen dioxide 2.5 2

(NO ).2

Air Quality Index (AQI): AQI is an environmental index 

which describes the overall atmospheric air status. It is the 

measure of ratio of the concentration of pollutants to the 

condition of atmospheric air in the area. It was calculated by 

the formula,

Where, IPM  IPM ISO INO are the individual values 10, 2.5, 2, 2

of PM , PM , SO  and NO  respectively obtained during 10 2.5 2 2

sampling.SPM  SPM  SSO  SNO are the atmospheric air 10, 2.5, 2, 2

quality standards prescribed by Central Pollution Control 

Board( Table 2). By the AQI values, the condition of quality of 

air and the health concern may perhaps to know from the 

Table 3.

RESULTS AND DISCUSSION

The average concentration of PM was the maximum 10

3 3(51.75ìg/m )at Beypore road and the minimum (39.82ìg/m ) 

at Chaliyam area. The maximum value of PM was measured 10 

for two stations of Beypore road and Karuvanthiruty as 
364.5ìg/m and for other two stations of project area and 

3  Chaliyam as 56.9ìg/m (Table 4). The average concentration 

Fig. 1. Sampling locations 

Location Zone type Code Direction

Project area Commercial AQL1 SW

Beypore road Industrial AQL2 NW

Chaliyam Mixed AQL3 SE

Karuvanthiruty Ecological AQL4 E

Table 1. Name of the ambient air measuring locations

 
100)(

4

1

2

2

2
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SNO

INO

SSO
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SPM

IPM

SPM

IPM
AQI

Pollutants Time weighted average Concentration in ambient Air

Industrial, residential 
& other

Ecologically sensitive area 
(Notified by GoI)

Particulate matter size less than 10 µm 
3or PM (µg/m )10  

*Annual
24 Hours**

60
100

60
100

Particulate matter size less than 2.5 µm 
3or PM (µg/m )2.5  

*Annual
24 Hours**

40
60

40
60

Sulphur Dioxide (SO ), 2
3(µg/m )

*Annual
24 Hours**

50
80

20
80

Nitrogen Dioxide (NO ),    2
3(µg/m )

*Annual
24 Hours**

40
80

30
80

Table 2. National ambient air quality standards

*Annual arithmetic mean of minimum 104 measurements in a year at a particular site taken twice a week 24 hourly at uniform intervals.
** 24 or 8 or 1 hourly monitored values as applicable shall be compiled with 98 % of time in a year. 2% of the time, they may exceed the limits but not on two 
consecutive days of monitoring.
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AQI range Condition Levels of health concern

0 to 50 Good  Minimal Impact

51 to 100 Satisfactory May cause minor breathing discomfort to sensitive people

101 to 200 Moderate May cause breathing discomfort to the people with lung disease andheart 
disease, children and older adults

201 to 300 Poor May cause breathing discomfort to people on prolonged exposure and heart 
disease with short exposure 

301 to 400 Very Poor May cause respiratory illness to the people on prolonged exposure.

401 to 500 Severe May cause respiratory effects even on healthy people and serious health impacts 
on peoplewith lung/heart diseaseseven during physicalactivity

Table 3. Air quality categories based on air quality index

Air Samples Project area (AQL1) Beypore road (AQL2)

PM10 PM2.5 SO2 NO2 PM10 PM2.5 SO2 NO2

1 45.4 19.1 10 17.2 50.7 20.9 9 18.8

2 47.2 19.9 10.4 17.9 52.9 21.9 9.4 19.6

3 44 18.6 9.7 16.7 49 20.2 8.7 18.1

4 47.6 20.1 10.5 18.1 50.1 20.7 8.9 18.5

5 48.2 20.4 10.4 18.1 53.6 22.2 9.2 19.6

6 46.4 19.6 10 17.4 58.9 24.4 10.1 21.5

7 51 21.6 11 19.1 54.8 22.7 9.4 20

8 53.3 22.6 11.5 20 56.5 23.4 9.7 20.6

9 49.3 20.9 10.4 18.2 60.3 25 10.1 21.7

10 47.4 20.1 10 17.5 57.3 23.8 9.6 20.6

11 46 19.5 9.7 17 55.6 23.1 9.3 20

12 52 22.1 11 19.3 62.1 25.8 10.4 22.4

13 49.9 21.1 11 19 51.8 21.4 9.2 19.2

14 50.8 21.4 11.2 19.3 53.5 22.1 9.5 19.8

15 49 20.7 10.8 18.6 51.2 21.2 9.1 19

16 46.3 19.5 10.2 17.6 49.5 20.5 8.8 18.3

17 50.1 21.2 10.8 18.8 52.5 21.7 9 19.1

18 49.6 21 10.7 18.6 51.3 21.2 8.8 18.7

19 47.3 20 10.2 17.7 48.4 20 8.3 17.7

20 48.2 20.4 10.4 18.1 57.7 23.9 9.9 21.1

21 51.2 21.7 10.8 18.9 61.5 25.5 10.3 22.2

22 46.9 19.9 9.9 17.4 58.5 24.3 9.8 21.1

23 53.1 22.5 11.2 19.6 63.3 26.3 10.6 22.8

24 56.9 24.1 12 21.1 64.5 26.8 10.8 23.2

Maximum 56.9 24.1 12 21.1 64.5 26.8 10.8 23.2

Minimum 46 18.6 9.7 16.7 48.4 20 8.3 17.7

Mean 49.05 20.75 10.58 18.38 55.23 22.88 9.50 20.15

Standard deviation 2.94 1.27 0.58 1.04 4.79 2.03 0.65 1.57

3Table 4. Ambient air quality data for different parameters (ìg/m )

3of PM  was recorded as 19.36, 21.45, 16.86 and 18.57ìg/m  2.5

for project area, Beypore road, Chaliyam and Karuvanthiruty, 

respectively. The maximum value of PM was measured 2.5

fortwo stations of Beypore road and Karuvanthiruty as 26.8 
3ìg/m and for other two stations of project area and Chaliyam 

3as 24.1 ìg/m . By comparing the industrial, residential, 

ecological and mixed area standards, the observed values at 
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Air samples Chaliyam (AQL3) Karuvanthiruty (AQL4)

PM10 PM2.5 SO2 NO2 PM10 PM2.5 SO2 NO2

1 49.7 18.7 9.5 19.4 36.8 14.7 8.7 15.8

2 51.8 19.5 9.9 20.2 38.5 15.3 9.1 16.5

3 47.1 17.7 9 18.4 35.9 14.3 8.5 15.5

4 50.8 19.1 9.7 19.8 38.1 15.2 9 16.4

5 53.6 20.2 10 20.6 41.4 16.5 9.6 17.6

6 63.2 23.8 11.8 24.3 44.9 17.9 10.4 19.1

7 56.2 21.2 10.5 21.6 42.7 17.1 9.9 18.2

8 58.9 22.2 11 22.7 44 17.6 10.2 18.7

9 58.1 21.9 10.6 22.1 40.6 16.2 9.2 17

10 55.9 21.1 10.2 21.3 38.4 15.3 8.7 16.1

11 54.8 20.7 10 20.8 37.5 15 8.5 15.7

12 58.7 22.1 10.7 22.3 39.7 15.9 9 16.7

13 53.4 20.1 10.2 20.8 40.2 16 9.5 17.3

14 56 21 10.7 21.8 42.3 16.8 10 18.2

15 52.3 19.7 10 20.4 41 16.3 9.7 17.6

16 48.1 18.1 9.2 18.8 40.6 16.2 9.6 17.5

17 54.6 20.6 10.2 21 40.6 16.2 9.4 17.2

18 52.5 19.8 9.8 20.2 38.9 15.5 9 16.5

19 50.9 19.2 9.5 19.6 38 15.2 8.8 16.1

20 51.9 19.6 9.7 20 39.7 15.9 9.2 16.9

21 53.2 20.1 9.7 20.2 41.9 16.8 9.5 17.6

22 50.4 19 9.2 19.2 38.8 15.5 8.8 16.3

23 49.3 18.6 9 18.8 41 16.4 9.3 17.2

24 57 21.5 10.4 21.7 42.8 17.1 9.7 18

Maximum 56.9 24.1 12 21.1 64.5 26.8 10.8 23.2

Minimum 47.1 17.7 9 18.4 35.9 14.3 8.5 15.5

Mean 53.68 20.23 10.02 20.67 40.18 16.04 9.30 17.07

Standard deviation 3.84 1.45 0.67 1.39 2.25 0.90 0.52 0.96

Table 4. Cont...

four locations are within the permissible value.

The average concentration of SO was 9.82, 8.83, 8.55 2 

3and 7.64ìg/m  for project area, Beypore road, Chaliyam and 

Karuvanthiruty respectively. By comparing the industrial, 

residential, ecological and mixed area standards, the 

observed values at four locations are within the permissible 
3value 20 ìg/m . 

The average concentration of NO at various stations in 2

the study area was well below the maximum prescribed limit 
3of 30 ìg/m specified for industrial, residential, and other 

areas. The NO  was monitored at various stations ranged 2

3 3from 15.5 ìg/m  to 23.2ìg/m . The highest NO  value was 2

3recorded as 23.2ìg/m  near Beypore road and 

Karuvanthiruty. The average concentration of SO  was 2

3calculated as 17.1, 18.82, 14.89 and 16.28 ìg/m  for project 

area, Beypore road, Chaliyam and Karuvanthiruty 

respectively. By observing the results of AQI and the means Fig. 2. Variation of AQI in sampling locations 
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Air samples AQL1 AQL2 AQL3 AQL4

1 47 50 49 39

2 48 53 51 40

3 45 49 47 38

4 49 50 50 40

5 49 53 53 43

6 47 58 62 47

7 52 54 55 45

8 55 56 58 46

9 50 59 57 42

10 48 56 55 40

11 47 55 54 39

12 53 61 58 41

13 51 52 53 42

14 52 53 55 45

15 50 51 52 43

16 48 49 48 43

17 51 52 54 42

18 51 51 52 41

19 48 48 50 40

20 49 57 51 42

21 52 61 52 44

22 48 58 49 40

23 54 62 48 43

24 58 64 56 45

Mean 50 55 53 42

Condition Good Satisfactory Satisfactory Good

Table 5. Air quality index of sampling locations

of four locations showed the condition of air quality present in 

the proposed site which is good or satisfactory (Table 4).The 

soils in the project area are sandy in texture, and are likely to 

generate substantial quantities of dust. However, the fugitive 

emissions generated due to vehicular movement are not 

expected to travel beyond a distance of 200 to 300 m. The 

wind-blown dust is also likely to be substantial, especially 

during the summer months. Since, fugitive emissions due to 

vehicular movement are minimal and no major impacts are 

anticipated on ambient air quality during the construction 

phase of proposed project. It evident that, the infrastructure 

development near Beypore harbour which does not have the 

major impacts to the environment by means of air pollution 

(Fig. 2, Table 5).

CONCLUSION 

The present work was carried out for the assessment of 

condition and quality of air by measuring Air Quality Index 

(AQI) for the development of new infrastructural projects at 

Beypore harbour in Kerala. From this Environmental Impact 

Assessment, the emissions from the various industrial 

clusters are the major sources of pollution which determine 

the ambient air pollution condition of the zone. AQI was lower 

than 50 in the locations AQL1 and AQL4 have minimal impact 

and it more than 50 at the locations AQL2 and AQL3 may 

cause was minor breathing discomfort to sensitive people. 

The observed results of good and satisfactory. It was 

revealed that, the pollution level were low for all zones in the 

proposed project areas and other. From this it was concluded 

that, it will be safe for the new infrastructural development 

projects at the proposed site of Beypore harbour.
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Water Quality of Fresh Water Pond Ecosystem under Sub-
Temperate Conditions of Palampur, Himachal Pradesh
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Abstract: The present investigation was carried out for a period to study the pollution status of the fresh water pond ecosystem under sub-

temperate conditions of Palampur. The surface water samples were collected from the pond at the monthly interval from April, 2014 to March, 

2015 and analyzed for different physico-chemical characteristics.. The higher concentrations of free CO , chlorides, nitrate-nitrogen, 2

phosphate-phosphorus and low values of secchi transparency and dissolved oxygen throughout the study period indicated the deteriorated 

water quality of pond ecosystem.

Keywords: Water quality, Pond ecosystem, Physico-chemical characteristics

Manuscript Number: 2757
NAAS Rating: 4.96

1   2
Kalyani Supriya, Ramesh C. Chauhan *andBalwinder Singh

Dr. Y.S. Paramar University of Horticulture and Forestry, Nauni-173 230, India
 1 2 CSK, HPKV, Palampur -176 062, India; GADVASU Ludhiana-141 004, India

*E-mail: charu.chandel93@gmail.com

 

Aquatic ecosystem is the most varied and prolific system 

in the world includes rivers and streams, ponds and lakes, 

oceans and bays, swamps and marshes. It is one of the most 

fundamental compounds gifted to the ecosystem. The water 

quality is described by its chemical, physical, and Biological 

characteristics. These parameters take part in determining 

the water quality status and distributional pattern of 

microrganisms inhabiting in aquatic ecosystem, Singh et al 

(2009) and Naik (2013). There are some possible 

correlations which are found among these physico-chemical 

parameters and the major one would be helpful to verify the 

water quality status. Water along with land is very important 

natural resource and combination of these two resources 

sets the upper limit of the inhabitants and carrying capacity of 

the area in space and time. But industrialization, increased 

human population, fertilizers and pesticides use in 

agricultural practices and anthropogenic activities causing 

water quality deterioration leads to heavy aquatic pollution 

and aquatic biota declination. Water quality of water bodies 

like rivers, ponds, and streams may vary and depending on 

the geological morphology, flora and land use in the 

catchment area. In the aquatic ecosystem, water quality 

parameters are the determinant of good growth and 

represent the status of water quality in aquatic body. The 

structural performance of aquatic ecosystem is being 

disturbed by an addition of discharged waste water from 

inhabited areas, sewage outlets, solid wastes, detergents, 

automobile oil wastes, and agricultural pesticides from 

farmland, This study involves water quality analysis of fresh 

water pond in sub-temperate environment of Palampur (H.P.) 

to understand the physico-chemical properties of pond which 

is very important for the characterization of pond ecology and 

decisions for pond management decisions.

MATERIAL AND METHODS

The present investigation involves the analysis of water 

quality in terms of physico-chemical parameters of pond 

located near at CSKHPKV, Palampur, Himachal Pradesh. It 

is located in 32.10° N Latitude and 76.30° E longitude. The 

physico-chemical parameters were estimated at the monthly 

interval from April, 2014 to March, 2015. The inflows from 

dairy and poultry units of the College of Veterinary and Animal 

Sciences enter into the study pond during rains. The 

parameters like air and water temperature, pH, secchi 

transparency, conductivity, dissolved oxygen and free 

carbon dioxide were analysed at the sampling site and rest of 

the parameters such as (TS) total solids, (TDS) total 

dissolved solids, (TSS) total suspended solids, alkalinities, 

chlorides,  nitrates-nitrogen, total phosphate-phosphorous, 

sodium and potassium were analysed the laboratory 

following standard methods (APHA 2000).  

RESULTS AND DISCUSSIONS 

Air and water temperature: The maximum air and water 

temperatures were 36° and 29°C in May, 2014 during 

summer season and minimum 8° and 7°C during winter 

season in January, 2015. Rise in temperature speed up the 

biochemical reactions and reduce the solubility of gases. In 

context of water temperature, similar results observed by 

Jayabhaye (2006) and Salve and Hiware (2008) during 
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summers due to low water level, water temperature was high. 

Transparency: The Secchi transparency was minimum 14.7 

cm in July, 2014 during rainy season and maximum 19.2cm in 

January, 2015 during winter season. The low Secchi 

transparency during rainy season may be ascribed to the 

more allochthonous materials such as silt, clay inorganic and 

organic particles from the surroundings area consisting of 

dairy and poultry unit. The higher values of Secchi 

transparency in January during winter season may be due to 

the low amount allochthonous material from the 

surroundings area and low planktonic population at low 

temperature. Kadam et al  (2007) also reported similar 

observations and found that higher values of transparency 

occurred in winter and low in rainy season due runoff, flood 

water as well as gradual settling of suspended particles to 

water bodies. 

pH: The pH values varied from 7.0 – 8.2 shown alkaline 

nature of the pond water. The maximum pH was during 

summer seasons and minimum during monsoon. According 

to Gupta (2009) pH positively correlated with EC and Total 

Alkalinity. High values of pH during summer might be low 

water levels and concentration of nutrients in water. The 

decrease pH values were due to dilution caused by the 

rainwater during monsoon. Jakher and Rawat (2003) 

observed the maximum pH during summer and explained 

this by correlating rise of temperature with increase in rate of 

photosynthesis which results in higher consumption of 

carbon dioxide. 

Electrical conductivity (EC): The electrical conductivity 

was minimum (167µmhos/cm) in April, 2014 and maximum 

(198 µmhos/cm) in May, 2015. Higher values during the 

summer season can be attributed to the liberation of ions 

from the decomposed organic matter and also due to more 

leaching of ions from the bottom sediments. The minimum 

values in April, 2014 and May, 2015 due to the adsorption of 

ions into the surface of suspended particles. Narayana et al 

(2005) recorded the maximum conductivity during the 

summer season in Basavanbole tank at Sagar taluk of 

Shimoga district. Kedar (2007) too recorded the maximum 

conductivity during the summer and minimum during the 

monsoon season in Yedshi lake in Mangarulpir, Maharashtra.

Total solids (TS): The total solids varied from 72.2 to 102.1 

mg/l. The maximum concentration of total solids was 

obtained in August, 2014 and minimum in December, 2014. 

The higher value of total solids during monsoon may be 

attributed to an increased load of soluble salts from the 

catchment area due to surface run off. 

Total dissolved solids (TDS): The values of total dissolved 

solids ranged from 67.2 to 47.2 mg/l (Table 1). The maximum 

value was found in July, 2014 due to heavy rainfall and 

775Water Quality of Fresh Water Pond Ecosystem



minima in February, 2015. Same results were also 

documented by Jena (2013) 

Total suspended solids (TSS): Total suspended solids 

(TSS) ranged from 21.6 to 33.8 mg/l. The maxima was in 

March, 2014 and minima in December, 2015 .

Dissolved oxygen (DO): The correlation of dissolved 

oxygen with water gives direct and indirect information such 

as photosynthesis bacterial activity, availability of nutrients, 

stratification etc. Vikal (2009). Dissolved oxygen (DO) values 

ranged from 2.9 (August) to 4.0 mg/l (January, 2015. There is 

a strong correlation between temperature and DO. There is a 

strong correlation between temperature and DO. The 

warmer water has less oxygen amount so  in summer season 

the concentration level of DO is low because of increased 

oxygen demands by aquatic biota according to Gandhi 

(2012).  

Free carbon dioxide: Free carbon dioxide was almost 

present throughout the study period and ranges from 22.7 

(August, 2014) to 24.7mg/l (April, 2014). The values of free 

carbon dioxide also linked to alkalinity and hardness of water 

body. This could be related to the high rate of decomposition 

in the warmer months.

Alkalinity: The maximum concentration of alkalinity was in 

December, 2014 during winter season and minimum in April, 

2014 during summer season. Its values varied from 116 to 

127 mg/l. High total alkalinity values of the lake indicated its 

high trophic status. The decrease was due to dilution caused 

by the rainwater during monsoon. The result is also in close 

conformity with the findings of Mishra et al (2013) and Arya et 

al (2011).

Total phosphate-phosphorus: Total phosphate-

phosphorus contents were highest during rainy season, 

decreased in winter and again increased in summer season. 

The minimum concentration of total phosphate-phosphorus 

was in January, 2015 (1480 µg/l) and maximum in July, 2014 

(3115µg/l) during rainy season Its maximum values during 

rainy season may be attributed to the inflows from the 

catchment area consisting of poultry and animal's husbandry 

unit (Table 1).

Nitrate-nitrogen: Nitrate-nitrogen showed significant 

variations and ranged from 512 to 995 µg/l. It was minimum 

during summer season in April, 2014 and maximum in July, 

2014 during rainy season. The high value of nitrate- nitrogen 

during rainy season may be attributed to the inflows of waste 

from catchment area into the pond ecosystem. 

Chlorides: The origin of chloride in surface water is from 

weathering and leaching of sedimentary rocks, domestic and 

industrials wastes discharge municipal influence . The 

chloride ion had no definite pattern of variations throughout 

the course of present investigation and ranged from 28.8 to 

39.0 mg/l. Concentration of higher chloride in the summer 

period could be also due to sewage mixing and increased 

temperature and evaporation by water. Trivedi et al (2009) 

obtained similar findings from their work done on water 

quality evaluation of Ganga River at Kanpur.

Sodium: No significant variation has been recorded in the 

concentration of sodium contents during different seasons 

ranged from 9.0 to 11.7mg/l (Table 1)

Potassium: The major source of potassium in natural fresh 

water is weathering of rocks but the quantity slightly 

increased in the present investigation due to the inflows of 

waste water to pond from the poultry and animal husbandry 

units in the lower concentration than sodium due to more 

chloride values. The potassium concentration varied from 6.1 

mg/l to 8.4 mg/l where maxima was found in April, 2014 and 

minima in February, 2015 (Table 1).

CONCLUSION

 analyzed various 

physicochemical parameters and concluded that there are 

few water quality variables which have higher concentrations 

like free CO , chlorides, nitrate-nitrogen, phosphate-2

phosphorus and some parameters have low values such as 

Secchi transparency and dissolved oxygen throughout the 

study period and indicated the deteriorated water quality of 

pond ecosystem. The excessive use of chemicals in 

agricultural activities, rapid urbanization and man-made 

actions coupled with inadequate monitoring which are 

responsible for the pollution. The present investigation also 

provides a base line data for the maintenance and monitoring 

of the pond ecosystem under sub-temperate conditions of 

the state. 
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Application of Simple Remote Sensing Techniques for the Detection 
and Extraction of Coastline-A Case Study of Diu Island, India

Indian Journal of Ecology (2018) 45(4): 778-784

Abstract: A number of techniques have been applied for the detection and extraction of coastline all over the world by researchers. In this 

paper simple remote sensing techniques based on the spectral band ratios methods such as Normalized Difference Vegetation Index (NDVI) 

and Normalized Difference Water Index (NDWI) were applied to classify land water component from satellite images for automatically 

extracting coastline of Diu Island, India. NDVI and NDWI images were reclassified into binary image format to extract the coastline as a vector 

data. The accuracy of the extracted coastline from different band ratio methods was evaluated using standard map and Google Earth Image 

coastline boundaries.
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The shoreline position changes continuously through 

time, because of the dynamic nature of water levels at the 

coastal boundary. Monitoring of the coastal zones is 

important for infrastructure development, safe navigation, 

and coastal resource management. As a result of climate 

change and enhanced anthropogenic activities, coastal 

zones all over the world are facing more coastal hazard 

problems of erosion, excessive sedimentation (accretion), 

sea level rise and tidal flooding (Addo et al 2008, Niya et al 

2013, Urbanski 2010). Shorelines can be delineated from 

visibly discernible coastal features or by the application of 

digital image-processing techniques. Manual identification 

relies on the individual skills of the interpreter. Remote 

sensing methods to extract the coastline from satellite 

images include edge detection methods, band thresholding 

approaches, classification techniques, and fusion 

approaches (Gens 2010, Willerslev 2011, Mansoori and 

Marzouqui 2016). Liu et al (2004) proposed the image 

segmentation technique for the extraction of a coastline from 

the radar and optical satellite images. Recent approaches for 

the classification, detection and prediction of the changes 

along a coastline include artificial intelligence and associated 

algorithms such as Artificial Neural Network (ANN), and 

Support Vector Machine (SVM) (Hannv et al 2013). 

Automated image-processing techniques provide better 

process-based understanding of the relationship between 

detected ''shore-line'' features and the physical land/water 

boundary (Boak and Turner 2003). With the help of satellites, 

near-continuous monitoring of shorelines can be done. For 

the purpose of shoreline change analysis, accuracy and 

potential offset between subjective historical shorelines with 

modern objective analysis of the data sets must be evaluated 

(Boak and Turner 2003). 

In this paper simple remote sensing techniques based 

on the spectral band ratios methods such as Normalized 

Difference Vegetation Index (NDVI) and Normalized 

Difference Water Index (NDWI) were applied to automatically 

extract the coastline of Diu Island, India from satellite images. 

Delineation of coastline would be helpful in the study of coast 

line changes for the development and management of 

coastal zone area.

MATERIAL AND METHODS

Study area: The Diu Island is situated at the southern tip off 

the Saurashtra (Gujarat) peninsula, India, in the Arabian Sea, 

between north latitudes 20°44'39” and 20°42'00” and east 

longitudes 70°52'26” and 71°00'24”. The island is separated 

from mainland by an east-west extending swampy creek of 

about 250m width which remains covered by the tidal waters 

of the Arabian Sea. Diu is a Union Territory of India which 

occupies an area of about 40 sq. km (about 33 km island area 

and 7 km Ghoghala area attached with main land). Length of 

the island is 19.2 km and width varies from 1 to 2.5 km. The 

highest elevation in this island is in the central part (37 m 

above mean sea level). The temperature in the area ranges 

from 20°C to 36°C (summer) and 20°C to 26°C (winter). The 



average annual rainfall is about 598.60 mm. Geologically, 

major part of the area is occupied by 30 m to 50m thick 

milliolite limestone (Prakash et al 2012). Geomorpho-

logically, Diu island is characterized by rocky cliff, wave cut 

terraces, pocket beaches and coastal dunes in the southern 

coastal zone area whereas northern parts are dominated by 

the tidal flats with creeks, spits and bay mouth sandy bars 

(Wadhawan and Prakash 2000). Eastern part of the area is 

undulatory, traversed by milliolite limestone ridges; the 

central part is characterised by calcareous sand dunes and 

the western part is almost flat. These dunes are 3 to 4m high, 

comprise mainly of shell fragments of coral, foraminifera and 

mollusc. 

Satellite data used: Data used in this study includes (1) 

Survey of India Open Series Map Sheet No. 41L/14 

(F42W14), Year 2011 (Data base 2005) (Scale 1:50,000), (2)  

Goggle Earth present and historical Images (1999-2017), (3) 

Advanced Space borne Thermal Emission and Reflection 

Radiometer (ASTER) global Digital elevation Model (GDEM) 

Version 2 (30m Resolution), (4) Landsat Thematic Mapper 

(TM), (5) Landsat Enhanced Thematic Mapper Plus (ETM+) , 

(6) Landsat 8 Operational Land Imager (OLI) and Thermal 

Infrared Sensor (TIRS), and (7) Sentinel 2-ESA Earth 

Observation Data (Table 1).

Visual qualities of images can be improved by image 

enhancement techniques. The brightness values at 

individual pixels can be changed to improve brightness or 

contrast to reveal more features. A high contrast image has a 

narrow range of brightness- mainly blacks and whites. 

Enhancement techniques include (http://desktop.arcgis. 

com): 

1. Radiometric Enhancement (based on the values of 

individual pixels) 

2. Spectral Enhancement (by transforming the values of 

each pixel on a multiband basis that is Band Ratios, 

Vegetation Indicies, and Tasseled Cap) 

3. Spatial Enhancement (based on the values of 

individual and neighboring pixels

In the present study following methodology has been 

adopted in three main steps for the identification, delineation 

and extraction of coast line of Diu Island from satellite images 

(Figure 2):

Step 1: Spectral enhancement techniques for Land-

Water Classification

Step 2: Binaryconversion of raster images

Step 3: Edgedetection and extraction of coastline

Detection and Extraction of Coast Line

Image Enhancement techniques for Land-Water 

Classification (Step 1)

Image enhancement using high pass filter: Low pass filter 

smoothes the edges whereashigh passfilter enhances the 

edges in images.High pass filter was used to enhance 

coastal edges of Diu Island using Arc GIS (Figure 3).

Spectral enhancement using spectral ratios and indices: 

Spectral enhancement is the process of creating new 

spectral data from available bands on a pixel-by-pixel basis 

by applying mathematical operation (subtraction, division) to 

corresponding pixels in existing bands. Techniques of 

spectral enhancement include: Spectral Ratios and Indices; 

Principal Components Analysis (PCA); Tasseled Cap. In the 

process of spectral enhancement using spectral ratios and 

indices, new  spectral data are created on a pixel-by-pixel 

basis by applying subtraction and or division operation to 

corresponding pixels in existing bands.

Band ratio method: In the present study Green/ MIR band 

ratio has been used to pull out water bodies. Result is shown 

in the Figure4. Areas of water look bright. 

Normalized Difference Vegetation Index (NDVI): The 

NDVI is a vegetative index which is an indicator of vegetation 

stress. Healthy green leaves have a higher reflectivity in the 

Near Infrared Band (NIR) whereas stressed, dry, or diseased 

vegetation less reflectivity. The NDVI formula is as below:

(NIR-Red)/(NIR+Red)                  (1)

The NDVI result gives pixel values ranging from -1 to +1. 

Healthier vegetation is indicated by pixel closer to +1 

(Brighter Pixel). The same formula is used for the separation 

of land water body. NDVI gives negative values for water 

body and positive for land (Fig. 5).

Normalized Difference Water Index (NDWI): The NDWI is 

useful index for water body mapping. The water body 

reflects low radiation and absorbs most of the visible to 

infrared wavelengths. This index uses the green and Near 

Infra-red bands of images and enhances the water 

information effectively. NDWI values of water bodies are 

larger than 0.5 that is opposite to NDVI values. 

Distinguishing vegetation from water bodies is easier as 

vegetation has much smaller values. Built-up features 

generally have positive values between zero and 0.2. 

Figure6 is NDWI image of study area showing water bodies 

and land area.

Binary conversions of Raster Images (Step 2): NDVI and 

NDWI images were reclassified into binary format, where the 

value of “1” represents water and “2” represents land, as 

illustrated in Figure 7 and 8. 

Edge detection and extraction (Step 3): Continuous edges 

representing the coastline are extracted from binary 

converted reclassified NDWI image either using an edge 

detection approach based on morphological filter or 

converting raster to polygon/ polyline and removing inland 

water body edges and leaving coastline.
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RESULTS AND DISCUSSION

Land/ water boundary can be identified by automated 

image-processing techniques (Boak and Turner 2003). High 

pass filter was used to enhance coastal edges of Diu Island 

(Fig. 3). Spectral enhancement techniques using spectral 

band ratios were used to automatically extract the coastline 

of Diu Island. For this NDVI and NDWI were applied and 

reclassified in binary format to demarcate water body and 

land. Figure 10 show demarcation and extraction of water 

line/ coast line from Landsat 7 and Sentinel 2 images.

Analysis of results indicates that water bodies in 

comparison to NDVI image are more clearly defined in the 

NDWI image. Therefore, NDWI method is more suitable for 

the demarcation and extraction of coastline. This approach 

produces vector files of the coastline which can be utilized to 

estimate rates of change over relatively long time period and 

also for coastal management. 

Validation of coast line extracted from NDWI method: 

Coastline extracted from the NDWI method in binary image 

format as vector data has been superimposed on the Aster 

DEM, Sentinel 2 image, Survey of India (SOI) sheet and 

Google Earth Image. It is observed that extracted coast line is 

almost exactly matching with the boundary of studied images 

and map of Diu Island (Figure 11). Therefore, it can be 

concluded that NDWI is one of the simple and accurate band 

ratio method for the demarcation and extraction of coast line. 

Change analysis: The coastline or shoreline position 

changes continuously through time due to natural and 

anthropogenic causes. Time series images are useful in 

detecting the shore line / coast line changes. In the present 

study Landsat 7 and Sentinel 2 images of the year 1999 and 

2017, respectively were used for the change study analysis. 

A visual comparison between the coastline vectors extracted 

by the proposed methodology indicates no appreciable 

change in the position and morphology of coastline of Diu 

Island during this period (Fig. 12). Minor changes are due to 

use of different resolution images. It is always desirable to 

use the images of same resolution for such type of analysis 

but these types of images are not available for longer period 

analysis in this area.

 

Fig. 1. Location map of Diu, Union Territory, India

Landsat Thematic Mapper

Landsat 4-5 bands* Wavelength (µm)

Band 1 - Blue 0.45-0.52

Band 2 - Green 0.52-0.60

Band 3 - Red 0.63-0.69

Band 4 - Near Infrared (NIR) 0.76-0.90

Landsat Enhanced Thematic Mapper Plus (ETM+)

Landsat 7 bands** Wavelength (µm)

Band 1 - Blue 0.45-0.52

Band 2 - Green 0.52-0.60

Band 3 - Red 0.63-0.69

Band 4 - NIR 0.77-0.90

Landsat 8 Operational Land Imager (OLI) and Thermal Infrared 
Sensor (TIRS)

Landsat 8 bands*** Wavelength (µm)

Band 2 - Blue 0.452 - 0.512

Band 3 - Green 0.533 - 0.590

Band 4 - Red 0.636 - 0.673

Band 5 - NIR

Table 1. Characteristics of satellite data used

*Resolution of Landsat 4-5 bands: 30m
**Resolution of Landsat 7 bands: 30m
***Resolution of Landsat 8 bands: 30m

Sentinel-2 bands Central wavelength 
(µm)

Resolution 
(m)

Bandwidth 
(nm)

Band 2-Blue 0.490 10 65

Band 3-Green 0.560 10 35

Band 4-Red 0.665 10 30

Band 8-NIR 0.842 10 115

Table 2. Characteristics of Sentinel 2-ESA Earth Observation 
data used
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Satellite image of Diu Area  NDWI image of Diu Area  
Clipped NDWI image of Diu 
Island 

 

Binary reclassified NDWI 
image of Diu Island  

Binary reclassified NDWI 

Vector image of Diu Island  
Extracted Coastline of Diu Island 

Step 1 

Step 2 

Step 3 

Fig. 2. Flow diagram of coastline extraction from satellite image

Fig. 3. Image enhancement of Sentinel 2 image using high 
pass filter

Fig. 4. Image based on band ratio method to pull out water 
body

Fig. 5. NDVI of Sentinel 2 Image Fig. 6. NDWI of Sentinel 2 Image

 

NDVI Binary NDVI 

1-water 

2-Land 

Fig. 7. NDVI and NDVI Binary Converted Images
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Fig. 8. NDWI and NDWI Binary Converted Images

Fig. 9. Extracted Diu Island Coast line from Binary reclassified NDWI Sentinel 2 image

 

NDWI 
Binary NDWI 

1-water 
2-Land 

 

Binary reclassified 
NDWI image 

Extracted coast line 

Diu Island 

Coast Line 

Diu Island 

 

 
 

Vector Map of 
water body 

 

Fig. 10. Water body/ land classification and extraction of Coast line from images
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Fig. 11. Extracted Coastline superimposed on Aster DEM, Sentinel 2 image, SOI Sheet and Google Earth Image of Diu Area for 
Validation

 

Sentinel 2 Image 

SOI Sheet Google Earth Image 

Aster DEM 

Coast 

lineBinary

reclassified 
NDWI 
Sentinel 2 

 

Extracted Coastline 

Superimposed on Google 

Earth Image 

 Coast line

Fig. 12. Sentinel 2 image and vector map of 1999 and 2017 coast lines of Diu Island

CONCLUSIONS

The automatic approach for extracting the coastline was 

proposed based on spectral band ratio methods. The 

classified NDVI and NDWI images were converted into 

binary format to demarcate and extract the coastline. The 

study demonstrated that both the methods are useful in 

delineating water bodies and extracting coast line. However, 

NDWI is better method in the identification of inland 

boundaries of water bodies. This study can also be used to 

detect and monitor the coastline changes for an area over 

time using satellite images for proper planning and 

management of coastal zones. With this view multi-temporal 

satellite images were used to study coastline changes of Diu 

Island from 1999 to 2017. No significant change has been 
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observed during this period along coastline of this island. For 

long term change analysis it is desirable to compare same 

resolution different period images. This study will be useful in 

the coastal zone development and management of not only 

Diu Island but other coastal areas of India as well as world.
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Influence of Sowing Periods and Seeding Rates on 
Yield of Grain Sorghum Hybrids under Regional 

Climatic Transformations

Indian Journal of Ecology (2018) 45(4): 785-789

Abstract: Field experiments were carried out on dark chestnut middle loamy slightly alkalinized soils in the non-irrigated conditions of the 

southern steppe of Ukraine in 2013-2015. The three-factor experiment: Factor A-grain sorghum hybrids: Sontsedar, Prime, Burggo, Sprint W, 

Dash E and Targga. Factor B-seeding rate, thousand pcs/ha: 100, 140, 180 and 220. Factor C-sowing time: early (when soil temperature at the 
ºdepth of seeding is 8-10 C), which on average during the years of research coincided in time with the first decade of May; late-when soil 

ºtemperature is 14-16 C or the third decade of May. In all cases, the early sowing show persistently higher yield of hybrid crops compared to late 

sowing. The early term of sowing grain sorghum hybrids provided average yield of certified seeds at 4,9 t/ha, which is 1.82 times higher than 

late sowing, the average yield of which was 2.69 t/ha. Significant variation in  yield was observed with different  seeding rates. The highest 

average yield was observed at the sowing rate 140 thousand pcs/ha followed by 180 and 220 thousand pcs/ha .

Keywords: Grain sorghum, Climate change, Sowing term, Seeding rate, Growth stimulants, Yield
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Modern climate transformation currently affecting 

agrocenosis of all agricultural backgrounds of Ukraine, make 

producers frequently review the concepts and practical 

approaches to the formation of the range of crops in rotations 

that are able to provide stable and cost-effective yields in 

more rigid conditions of the value of the hydrothermal 

coefficient (Adamenko 2003, Yeshchenko et al 2004). Under 

the current conditions of agrarian production in Ukraine, the 

prospect of fulfilling the agrobiological and production 

potential of sorghum cultivars, their introduction, production, 

processing, and consumption become of paramount 

importance. Under the conditions of a strong hydrothermal 

coefficient peculiar both to the growing zone (South and 

South-East) and recently to almost all agrarian zones in the 

country, it can form stable and economically feasible 

harvests with quality indicators that allow its multi-vector use. 

Recently, the grain becomes associated not only with food or 

fodder, but also with a significant source of raw materials for 

the production of bioethanol (Bun 2009, Hryhorenko 2011, 

Storozhyk 2011). However, the most important argument for 

more intensive involvement of the mentioned crop in the 

Southern steppe agrocenoses is its extremely high 

ecological plasticity, which is capable of being an alternative 

to other spring crops (barley, corn, sunflower, etc.) in 

unfavourable conditions according to the value of the 

hydrothermal coefficient of the agroseason (Vlasov VH 2005, 

Hurskyj 2002, Dranischev et al 2008).

Under the influence of climate change, sorghum is 

gaining in popularity in Ukraine. Though this grain used to be 

referred to as a source of herbage needed to meet the needs 

of livestock, grain producers are currently interested in it as 

well. A positive tendency in the cultivation of sorghum is also 

observed worldwide. Sorghum is particularly valuable 

because of its ability to tolerate long periods of drought and 

high air temperatures without significant reduction in grain 

productivity, effectively use atmospheric precipitation in the 

second half of the summer, restore growth after a long period 

without water and produce rather high yields, which allows it 

to grow in arid zones, such as the south of Ukraine The late 

spring crops, grain sorghum has almost no alternative if the 

producer desires to get economic benefit from an arable 

hectare. 

MATERIAL AND METHODS

Field experiments were carried out on dark chestnut 

middle loamy slightly alkalinized soils in the non-irrigated 

conditions of the southern steppe of Ukraine in 2013-2015. 

The three-factor field experiment was based on the method 

of randomized split plot design with four replication.  The 

sown area of the plots was 56.0 sq. m; and the record area 

was 33.6 sq. m. The number of variants in experiment was 48 

with 192 total of experimental plots. The factor A - grain 

sorghum hybrids: Sontsedar, Prime, Burggo, Sprint W, Dash 

E and Targga; factor B - seeding rate, thousand pcs/ha: 100, 



140, 180, and 220; factor C - sowing time: early, average and 
ºlate when soil temperature at the depth of seeding is 8-10 C 

mention date for 2 years and when soil temperature is 14-
º16 C or the third decade of May. The sampling of soil and 

plants and analysis were carried out only with methodological 

guidelines and state Standards of Ukraine. Crop monitoring 

and recording were conducted according to Dospiekhov's 

methodology (Dospekhov 1979) and recommendations for 

conducting field experiments (Ostapov 1985). During the 

growing season, the biometric measurements were recorded 

in the main phases of crop development, plant height, leaf 

surface and  herbage yield. Phenological observations were 

conducted on permanently allocated sites in two non-

adjoining repetitions. The beginning of the phase is believed 

to be its onset in 10 per cent of plant, and the full phase in 75 

per cent of plants.

The crop density was determined twice per vegetation in 

fixed areas, which were isolated after the sprouting. The first 

count was carried out in the phase of full sprouts, the second 

– before harvesting. According to the first record, the field 

germination of the seeds was determined and the density 

was formed according to the experimental scheme. 

According to the second record, the preservation of the 

plants during the growing season was determined. The yield 

was estimated on whole plot basis with combine using the 

Sampo-130 plot combine. The results of measurements, 

determinations, and yield counts were subjected to 

dispersion analysis and statistical processing using 

computer technology and methodological recommendations 

for conducting field experiments.

RESULTS AND DISCUSSION

The yield of grain sorghum, obtained at the early 

seeding, was on average 2.29 t/ha or 49.3 per cent higher 

than at the late sowing, which indicates the advantage of 

seeding the crop in the early period due to more optimal 

conditions for plant growth and development, and in the first 

place because of improving water availability for 

agrophytocenosis (Table 1). Seeding the crop when the soil 

temperature at the depth of seeding is 8-10ºC, the hybrid 

Sontsedar gave the maximum grain yield (6.54 t/ha) for the 

seeding rate of 140 thousand pcs/ha, and the average yield 

according to the variant of seeding rate amounted to 5.46 

t/ha.

The maximum yield of the hybrid Prime was 180 

thousand pcs/ha and amounted to 4.62 t/ha with an average 

yield of 4.05 t/ha. In the areas where the Burggo hybrid was 

grown, the best  plant density was 140 thousand pcs/ha, 

which resulted in the production of 5.50 t/ha of standard 

seeds with an average yield of 4.79 t/ha. Hybrid Sprint W is 

characterized by maximum grain yield of 3.49 t/ha when 

seeding in the early period with the density of 220 thousand 

pcs/ha, and at the seeding rate factor the average yield is 

3.14 t/ha. The Dash E hybrid is characterized by a 

significantly higher level of grain productivity: given the 

variant of increasing density up to 180 thousand pcs/ha on 

average, over the years of research, we received 5.68 t/ha of 

grains, which, as well as its average yield by factor B at the 

level 5.68 t/ha, is the highest index among the studied 

hybrids. The grain yield analysis of the Targga hybrid, seeded 

in the early term, has shown that the optimal amount of plants 

per hectare is also 180 thousand pcs/ha, which resulted in 

the yield of 5.60 tons of standard grain from this area. On 

average, this hybrid demonstrated the productivity of 4.75 

t/ha by the factor of crop density.

By the index of plasticity, that is, the ability to minimally 

change the grain productivity with the decrease or increase in 

the agrocenosis density, the Dash E hybrid, whose average 

yield by seeding rate (5.68 t/ha) is 0.22 t/ha or 3.9 per cent 

higher than similar parameters of Sontsedar hybrid; 1.63 t/ha 

or 28.7 per cent - Prime hybrid; 0.89 t/ha or 15.7 per cent - 

Burggo hybrid; 2.54 t/ha or 44.7 per cent - Sprint W hybrid, 

and 0.93 t/ha or 16.4 per cent - Targga hybrid. A similar nature 

Hybrid (factor A) Seeding rate, thousand pcs/ha (factor B)

100 140 180 220

8-10 ºC (factor C)

Sontsedar 5.64 6.54 4.88 4.79

Prime 3,20 4.54 4.62 3.83

Burggo 4.38 5.50 5.00 4.29

Sprint W 2.96 2.93 3.16 3.49

Dash E 4.55 6.23 6.69 5.26

Targga 3.83 4.98 5.60 4.58

14-16 ºC

Sontsedar 2.67 2,18 2.29 2.0 5

Prime 1.75 2.43 1.70 1.60

Burggo 1.93 2.39 1.94 2.28

Sprint W 1.43 1.39 1.25 1.45

Dash E 3.29 3.52 3.96 3.96

Targga 2.59 2.61 3,20 2.64

Least significant 
difference , t/ha05

À 0.18-0.39

Â 0.20-0.57

Ñ 0.21-0.52

ÀÂ 0.32-0.74

ÀÑ 0.44-0.63

ÂÑ 0.48-0.77

ÀÂÑ 0.62-1.07

Table 1. Yield of grain sorghum hybrids for different sowing 
times and seeding rates, t/ha (average for 2013-
2015)
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Fig. 1. Formation of the yield of the hybrid composition of grain sorghum depending on the seeding rate and sowing dates for 
2013-2015: a) distribution by crop density, thousand pcs/ha; b) distribution by hybrid composition; c) average yield and 
confidence interval (0.95), depending on the grain seeding rate; d) average yield and confidence interval (0.95) 
depending on the hybrid composition 
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of the dependencies was recorded by analyzing yield 

productivity of sorghum hybrids, sown with different density 

in the late period. Thus, seeding the crop when the 

temperature of the soil at the depth of seeding reaches 14-

16ºC, Sontsedar hybrid produced the maximum grain yield 

2.67 t/ha at the seeding rate of 100 thousand pcs/ha, and the 

average yield per variant of seeding rate is 2.30 t/ha.

Prime hybrid, seeded in the same time period, produced 

the maximum grain yield at the rate of 140 thousand pcs/ha. 

An average of 2.43 t/ha of standard grain was obtained with 

average yield of  1.87 t/ha. The maximum grain yield of the 

Burggo hybrid was recorded by us when increasing density of 

the crop to the mark of 140 thousand pcs/ha - 2.39 tons of 

grain was received from each ha, while the average value at 

such factor B is 2.14 t/ha. In  early seeding period, Sprint W 

hybrid was the least productive. Its maximum yield at the 

level of 1.43-1.45 t/ha was formed at the same time by the 

variants of the minimum and maximum crop density. On 

average, according to the given factor, the hybrid provided 

1.38 t/ha of grain. At the same time, the hybrid Dash E has 

formed the maximum grain yield at late seeding time as well, 

confirming not only high adaptive properties, but also a 

significant level of environmental and productive plasticity. 

The maximum yield level was obtained from experimental 

plots, where the density was formed at the level of 180-220 

thousand pcs/ha - 3.96 t/ha, and on average by the factor of 

seeding rate - 3.68 t/ha.Targga hybrid is significantly inferior 

to others according to the indicated parameters: the 

maximum grain yield of the plant of this hybrid, which is 3.20 

t/ha, was formed at the seeding rate of 180 thousand pcs/ha. 

The average yield, when increasing seeding rates from 100 

to 220 thousand pcs/ha, is 2.76 t/ha.

Dash E hybrid was best in term of index of plasticity and 

early. The average yield was 3.68 t/h) against 1.38 t/ha or 

37.5% in Sontsedar hybrid by followed by; Prime Burggo 

Sprint and Targga hybrid. The optimal plant density of Dash E 

hybrid is 180 thousand pcs/ha in both early and late sowing. 

In the event that the agro-climatic and production conditions 

allow early sowing of the crop, alternatively, Sontsedar hybrid 

should be considered, with an optimal plant density of 140 

thousand pcs/ha. The yield of early sowing of grain sorghum 

hybrids was 4.9 1 t/ha, which is 1.82 times more than late 

sowing, (2.69 1.08 t/ha). Significant heterogeneity in the yield 

of grain sorghum is observed under different conditions of 

seeding. The highest average yield was at the seeding rate of 

140 thousand pcs/(3.92 t/ha) followed buy 180 and 220 

thousand pcs/ha – and the least at 100 thousand pcs/ha – 

(3.24 t/ha). Dash E hybrid has the best adaptability to the 

climatic conditions of the southern steppe of Ukraine with  

average yield of 4.69 t/ha. Sprint W hybrid demonstrated the 

lowest. A good adaptability was also observed in Sontsedar 

(4.11 t/ha) and Targga (3.0 t/ha). 

Recently, in progressive technologies of production of 

agricultural crops, attention is being increasingly focused on 

the problem of the use of biologically active substances in 

agrophytocenoses - natural and synthetic plant growth 

stimulators, which, at minimum spending standards, are able 

to radically change the intensity and vectors of the growth 

and productive processes of the plant organism . By the 

targeted use of one or another growth regulating compound, 

it is possible to improve the complex of adaptive properties of 

a crop, regulate growth processes and the mechanism of 

formation and accumulation of spare substances (sugars, 

fat, protein, etc.) (Nikishenko et al 2009, Samoilenko et al 

2009). The problem of the use of plant growth stimulants in 

the most common crops of Southern agrocenoses is 

currently on the initial stage of scientific investigation and the 

question of their use in crops of grain sorghum is almost 

untouched by the researchers. 

In order to objectively study the effectiveness of the 

Hybrid (factor A) Treatment method (factor B)

Without treatment - 
target value

Pure water - 
background

+ - to target 
value

0.01% solution of 
succinic acid

+ - to target value

Sontsedar 4.88 4.95 0.07 5.60 0.72

Prime 4.62 4.71 0.09 5.28 0.66

Burggo 5.00 5.07 0.07 5.75 0.75

Sprint W 3.16 3.25 0.09 3.57 0.41

Dash E 6.69 6.75 0.06 7.51 0.82

Targga 5.60 5.65 0.05 6.34 0.74

Least significant difference  t/ha05, À 0.62-0.91

Â 0.38-0.64

ÀÂ 0.88-1.67

Table 2. Effect of treatment with growth stimulator on yield of grain sorghum hybrids for early sowing (soil temperature – 8-
º10 Ñ), t/ha (Average for 2013-2015) 
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influence of the mentioned growth stimulator on the 

quantitative and qualitative indicators of the yield of grain 

sorghum hybrids, due to its minimum input rate (30 – 40 

g/ha), additionally introduced the option of background 

control - treatment with pure water - in our experimental. This 

measure was aimed at eliminating the distortion of the results 

by the positive effect of refreshing generative organs (pollen, 

flowers, inflorescences) with highly dispersed spray of water 

when spraying plants with a solution of succinic acid on the 

productivity of the crop. As the results of present study, 

treatment of grain sorghum plants of early sowing with 0.01% 

solution of succinic acid during the formation of buds proved 

highly effective measures aimed at increasing grain crop 

yield (Table 2). On average, growth stimulator was use, The 

yield of the grain crop was 5.67 t/ha where growth stimulator 

was used against 5,06 t/ha, where the plants were treated 

with clean water and for 4,99 t/ha in check treatment.  The 

use of a growth regulating agents caused a significant 

positive effect on the yield of grain sorghum and refreshing 

water had a noticeable effect during the formation of the 

generative part of the crop.   

CONCLUSION

In all of the studied hybrids, the use of 0.01 per cent 

solution of succinic acid increased the seed yield of the crop 

compared to the untreated target value. The maximum 

increase in  Sontsedar hybrid by 0.72 t/ha or 12.9 per cent 

followed by  Prime , Burggo and  Sprint W . The minimal but 

positive effect of spraying plants of grain sorghum with pure 

water is explained by the short-term improvement of the 

microclimate of the upper tier of agrophytocenois, primarily 

due to the lowering of the air temperature and the increase of 

the relative humidity of air during the formation of generative 

organs of the plant organism when the agroclimatic 

conditions during the years of conducting researches were 

characterized by adverse effects of hydrothermal coefficient.
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Predicting Mustard Yield in Different Agroclimatic Zones 
of Punjab through Statistical Models
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Abstract: An attempt was made to predict mustard (Brassica compestris) yield for three different districts of Punjab representing three 

agroclimatic zones i.e. Hoshiarpur, Ludhiana and Bathinda through regression models. Three statistical models have been developed for 

forecasting the mustard yield by using yield data and weather data viz. maximum and minimum temperature, morning and evening relative 

humidity, sunshine hours, rainfall and number of rainy days on weekly basis. In the first two models, sensitive period for mustard yield with 

respect to weather parameters were identified through correlation technique and selected windows were taken for further regression analysis. 

In the first (Basic) model, different weather parameters were used as independent variables while in the second (Modified) model, composite 

index was taken as one of the extra variable in multiple regression. In the third model, multiple regression analysis was done using SPSS 

software. Regression equations were developed separately for all the three models and were used to predict the mustard yield. The data for a 

period of (1974-2014) was used to develop the forecast model, whereas the three year meteorological data (2015-2017) was used to validate 

the models. When compared the data for Hoshiarpur district, basic model and modified model explained 88% variation to mustard yield, while 

model 3 explained 99% variation, respectively. For Ludhiana, among all the three models, basic model explained up to 71% variation, modified 

model and SPSS model contributes 85% and 91% variation, respectively in mustard yield due to weather parameters. For Bathinda, basic 

model contributes up to 40%, modified model explained 81% variation and SPSS model predict 91% variation in mustard yield. The results 

revealed that SPSS model is best fit for Hoshiarpur, Ludhiana and Bathinda region as far as mustard yield is concerned.
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Agriculture is the major economic and social activity in 

the globe. It is understood that agriculture is highly sensitive 

to climatic variability and likely to be affected most of 

predicted climate change. Weather affects all the crop growth 

stages right from their sowing till harvesting and storage.  

The impact of climate change on food production have its due 

focus of research over the past few decades (Parry et al 

2005, Lobell et al 2006, Lobell 2007, Mall et al 2006, Kalra et 

al 2008). Oilseeds crops are next to cereals in the agriculture 

economy of India. Among all oilseed crops, mustard 

(Brassica juncea L.) ranks second in area and production 

after groundnut and contribute around 27% of total oilseed 

production in the country. It is very sensitive to weather and 

hence climate change could have significant effect on its 

production. The likely climate change may have varying 

effect on mustard production (Kumar et al 2010). High 

temperature during mustard crop establishment (mid 

September to early November), cold spell, fog and 

intermittent rains during crop growth also affect the crop 

adversely (Boomiraj et al 2010). 

Development of good forecasting techniques requires 

accommodation of variabilities, such as agricultural inputs or 

technological changes, meteorological variability and 

random noise into the model (Kumar and Bhar 2005). 

Forecasting models for crop yields so far developed are 

based on only weather variables. The relationship between 

crop yield and weather parameters is generally carried out 

with the help of multiple regression models. These models 

are generally employed for making quantitative crop yield 

forecast on operational basis. The present attempt is based 

on the correlation regression technique.  The study involves 

seven weather parameters (maximum and minimum 

temperature, morning and evening relative humidity, 

sunshine hours, precipitation and number of rainy days on 

weekly basis) for developing the three different statistical 

models for predicting the mustard yield for different districts 

of Punjab. 

MATERIAL AND METHODS

In the present study, the yearly production (q) and area 

(ha) under mustard crop for the period 1972 to 2012 in 

respect of Hoshiarpur, Ludhiana and Bathinda has been 

collected from Statistical Abstract of Punjab. For each year 

the total production of mustard for different districts were 

divided by the total acreage to calculate the mustard 

productivity.



Long series weekly data of different weather elements 

(maximum temperature, minimum temperature, rainfall, 

sunshine hour, number of rainy days, morning and evening 

relative humidity) for the years 1974 to 2014 were collected 

from the meteorological observatory installed at Deptt. of 

Climate Change and Agricultural Meteorology, PAU, 

Ludhiana for Ludhiana district. The other two districts i.e. 

Hoshiarpur and Bathinda, the weather data has been 

collected from IMD, Chandigarh for the months covering life 
rd thcycle of the crop (43  week to 12  standard meteorological 

week) except the harvesting period, since the forecast is to 

be given before harvesting. 

For different districts of Punjab, three different yield 

forecast equation have been developed using the three 

different models by using weekly data of weather variables. 

The correlation analysis has been carried out using 

Pearson correlation technique and the statistical model is 

developed using multi- regression method. All the three 

models were developed from a data series of 13-32 years 

(2001-2014 for Hoshiarpur, 1974 to 2014 for Ludhiana and 

1978-2014 for Bathinda district) and the model has been 

verified with independent data for the years from 2015 to 

2017, outside their sampling series. The performance of the 

model has been examined critically by computing 

percentage deviations of estimates and forecast yield 

figures. 

Out of all the periods, the sensitive periods of statistical 

and phenological significance were selected for different 

districts in terms of standard meteorological weeks (SMWs) 

for regression analysis. The sensitive periods for mustard 

crop represent emergence, flowering, pod formation, pod 

filling and physiological maturity.

A basic model has been developed by using weather 

parameters taking into account the sensitive period window 

for mustard crop. The correlations were worked out for 

sensitive periods and then multiple regression equations 

were developed by using G-stat. The average reported crop-

yield was taken as dependent variable with weather 

parameters as independent variables. In the correlation and 

regression technique significant correlation between yield 

and the meteorological parameters were identified. The 

critical periods when weather parameters exert significant 

influence on yield were located by analyzing the correlation 

coefficients for statistical and phenological significance. Out 

of all the periods, the sensitive periods of statistical and 

phenological significance were selected in terms of standard 

meteorological weeks (SMWs) for regression analysis. 

Secondly, a modified model has been obtained by 

introducing an assumed composite index in the basic model 

keeping other independent variables constant. The 

development of modified model was intended to improve the 

accuracy of forecast of mustard yield, by superimposing the 

impact of agricultural technology in the form of linear time 

scale. 

The third model is based on analyzing regression using 

SPSS software. SPSS (Statistical Product and Service 

Solutions) was being developed by Norman (1968). 

Pearson's correlations between observed mustard yield and 

weather parameters and with combinations of weather 

parameters were computed. Sum of weather parameter and 

sum product of different weather parameter and correlation 

coefficient has been derived. Multiple regressions between 

dependent variable (Yield) and independent variables (Time, 

Sum and sum products for different weather parameters) 

were done using SPSS software. Regression equation was 

written using the regression formula. 

Regression equation for all the three models is given by:     
           n

Y  = a + Ó a  x + Ó a  x  e 0  i i  j j

i = 1               

Where,

Y  = Estimated yield, kg/ha, a = Regression constant,  a= e 0 i

Regression coefficients for meteorological predictor 
thvariables,  x   = i  meteorological predictor variable i = 1, 2, i

……n

a = Regression coefficients for technological trend j

thvariables, x  = j  technological trend variablej

RESULTS AND DISCUSSION

The maximum temperature showed positive effect at all 

the locations while minimum temperature and rainfall 

showed negative effect on the mustard yield for Ludhiana 

Districts Sensitive
period (SMWs)

Stage of mustard crop Effect on
mustard 

yield

Maximum Temperature

Hoshiarpur 4-6 Early reproductive stage +ve

Ludhiana 5-6 Early reproductive stage +ve

Bathinda 5-6 Early reproductive stage +ve

Minimum Temperature

Hoshiarpur 6-8 Late reproductive stage +ve

Ludhiana 47 Early vegetative stage -ve

Bathinda 48 Early vegetative stage -ve

Rainfall

Hoshiarpur 10-11 Late reproductive stage +ve

Ludhiana 44-45 Early vegetative stage -ve

Bathinda 2-3 Early reproductive stage +ve

Table 1. Sensitive periods and effect of weather variables on 
mustard yield in Punjab
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during the study period. The different models were used to 

predict mustard yield for each location separately and error 

percentages were also worked out over the years (Table 2, 3 

and 4). All the models used different weather parameters and 

coffiecients of determinations were determined.

Model 1: In the basic model the weather data at critical 

periods were correlated with the yield and these correlations 

are used for regression analysis and the regression 

expression. 

For Hoshiarpur, the regression equation was analysed 

and is as follows:

Yield=-4783.58+31.45*Tmax(4-6)+84.97*Tmax(11-

1 2 ) - 5 6 . 1 7 * T m i n ( 2 ) + 1 . 8 4 * T m i n ( 6 - 8 ) -

11 .40*RF(46)+15 .91*RF(10-11)+1 .79*Rmax(46-

47)+8.45*Rmax(48-52)+14.22*Rmax(3-6)+12.75*Rmin(4-

5)
2R  = 88 %

The above analysis showed 88 % variation in mustard 

yield. The per cent error ranged between -7.9 to 7.0%. 

Ludhiana district, the regression equation is as follows:

Yield=-2969.32+33.83*Tmax(5-6)+32.83*Tmin(47)-

2 .77*RF(44-45) -28 .18*RF(48)+22 .82*Rmax(50-

2)+9.15*Rmax(10-12)-5.43*Rmin(45-46)+6.14*Rmin(1-

2)+0.38*Rmin(8-10)-40.36*SSH(48-50)-23.40*SSH(4-

5)+45.06*SSH(10-11)
2R = 71%

The above analysis showed 71% of variation in mustard 

yield is due to weather parameters. The per cent error ranged 

between -13.0 to 12.8 %. 

For Bathinda,the regression equation was analysed and 

is as follows:

Yield=2371.59-39.36*Tmax (51-52)-13.93*Tmax(5-

6)+16.88*Tmin(48)-35.99*Tmin(7)+9.68*RF(2-3)-

26.29*RF(4-5)
2R = 40%

The above used model is contributing 40% to mustard 

yield. The per cent error ranged between -10.6 to 12.6 %. 

Model 2: In second model (Modified model), the weather 

parameters in critical periods along with composite index 

variables are used through multiple regression analysis to 

obtain forecast equations. Improved agricultural technology 

necessitated the need to modify the basic model by 

introducing composite as an independent linear time scale 

dummy variable. Regression equation for Hoshiarpur was 

generated and is as follows:

Yield=-4783.58+31.28*Tmax(4-6)+87.39*Tmax(11-

1 2 ) - 5 7 . 2 1 * T m i n ( 2 ) + 1 . 2 8 * T m i n ( 6 - 8 ) -

11 .76*RF(46)+16 .17*RF(10-11)+2 .14*Rmax(46-

47)+8.58*Rmax(48-52)+13.59*Rmax(3-6)+13.18*Rmin(4-

5)-0.17*Composite Index
2R = 88 % 

The above expression showed 88 % variation to the 

mustard yield. The per cent error ranged between -4.4 to 11.2 

%.

The regression equation for Ludhiana is as follows:

Yield=-1005.06+2.39*Tmax(5-6)+5.37*Tmin(47)-

4.96*RF(44-45)-14.69*RF(48)+16.51*Rmax(50-2)-

4.04*Rmax(10-12)-3.51*Rmin(45-46)+0.22*Rmin(1-

2)+1.01*Rmin(8-10)+17.49*SSH(48-50)+9.42*SSH(4-

5)+29.09*SSH(10-11)+0.46*Composite Index
2 R = 85%

2The value of R  has increased to 85 % in the modified 

Year Actual yield 
(kg /ha)

Model 1 Model 2 Model 3

Forecasted yield
(kg /ha)

% Error Forecasted yield 
(kg /ha)

% Error Forecasted yield 
(kg /ha)

% Error

2000-01 989 969 2.1 1032 6.5 946 -2.3

2001-02 967 998 -3.1 1006 0.8 996 -0.2

2002-03 734 760 -3.5 774 1.8 783 3.0

2003-04 715 700 2.2 755 7.9 741 5.8

2004-05 1031 963 7.0 1071 11.2 968 0.5

2005-06 1103 1132 -2.5 1142 0.9 1135 0.3

2006-07 1128 1087 3.7 1168 7.5 1074 -1.2

2007-08 1011 990 2.1 1050 6.1 986 -0.4

2008-09 1065 1028 3.6 1103 7.3 1002 -2.5

2009-10 1084 1132 -4.3 1124 -0.7 1100 -2.8

2010-11 1113 1125 -1.0 1154 2.6 1144 1.7

2011-12 989 1074 -7.9 1027 -4.4 1073 -0.1

2012-13 1192 1220 -2.3 1230 0.8 1248 2.3

2013-14 1232 1290 -4.5 1274 -1.2 1277 -1.0

Table 2. Forecasted yield and error per cent of three different models from year 2001 to 2014 for Hoshiarpur
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Year Actual yield 
(kg /ha)

Model 1 Model 2 Model 3

Forecasted yield 
(kg /ha)

% Error Forecasted yield 
(kg /ha)

% Error Forecasted yield 
(kg /ha)

% Error

1973-74 750 726 -3.2 679 -9.4 771 2.8

1974-75 780 835 7.0 712 -8.7 838 7.5

1975-76 632 617 -2.3 571 -9.7 604 -4.4

1976-77 705 746 5.8 737 4.6 786 11.5

1977-78 412 403 -2.2 418 1.6 448 8.8

1978-79 681 688 1.0 723 6.2 758 11.3

1979-80 729 767 5.2 730 0.2 762 4.5

1980-81 520 452 -13.0 548 5.4 495 -4.7

1981-82 670 661 -1.3 666 -0.5 680 1.5

1982-83 758 783 3.4 763 0.7 787 3.9

1983-84 862 929 7.8 929 7.8 894 3.7

1984-85 1066 1011 -5.2 1047 -1.8 1105 3.6

1985-86 1017 909 -10.6 982 -3.4 1059 4.1

1986-87 739 774 4.8 817 10.5 732 -0.9

1987-88 1087 1102 1.4 1120 3.0 1127 3.7

1988-89 1087 1219 12.2 1131 4.1 1192 9.6

1989-90 1030 1141 10.8 1126 9.3 1049 1.9

1090-91 1275 1219 -4.4 1206 -5.4 1366 7.2

1991-92 1200 1098 -8.5 1128 -6.0 1235 2.9

1992-93 1155 1296 12.2 1175 1.7 1264 9.5

1993-94 1086 1069 -1.5 1140 5.0 1176 8.3

1994-95 1265 1157 -8.6 1212 -4.2 1393 10.1

1995-96 1068 986 -7.7 1091 2.2 1160 8.6

1996-97 882 857 -2.8 925 4.9 892 1.2

1997-98 1053 1187 12.8 1078 2.3 1108 5.3

1998-99 965 1066 10.4 984 2.0 973 0.8

1999-00 1198 1316 9.8 1276 6.5 1274 6.4

2000-01 1403 1393 -0.7 1401 -0.1 1407 0.3

2001-02 1364 1243 -8.8 1319 -3.3 1482 8.6

2002-03 1197 1305 9.1 1245 4.0 1224 2.3

2003-04 1348 1289 -4.4 1313 -2.6 1372 1.8

2004-05 1577 1389 -11.9 1477 -6.3 1522 -3.5

2005-06 1359 1193 -12.3 1303 -4.1 1373 1.1

2006-07 1199 1216 1.4 1298 8.3 1224 2.1

2007-08 1106 1087 -1.7 1223 10.6 1137 2.8

2008-09 1306 1319 1.0 1331 1.9 1316 0.8

2009-10 1235 1150 -6.9 1109 -10.2 1378 11.6

2010-11 1395 1415 1.4 1366 -2.1 1493 7.0

2011-12 1584 1402 -11.5 1465 -7.5 1726 8.9

2012-13 1234 1162 -5.8 1246 1.0 1365 10.6

2013-14 1289 1192 -7.5 1259 -2.3 1391 8.0

Table 3. Forecasted yield and error per cent of three different models from year 1974 to 2014 for Ludhiana
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model. The error per cent for modified model ranged from -

10.2 to 10.6 % for the last 41 years.

For Bathinda district, regression equation with modified 

model is as follows:

Yield=762.65+9.96*Tmax(51-52)-5.25*Tmax(5-6)-

2.73*Tmin(48)-15.03*Tmin(7)+1.04*RR(2-3)-17.59*RF(4-

5)+0.22*Composite Index
2 R  = 81 %

Year Actual yield
(kg /ha)

Model 1 Model 2 Model 3

Forecasted yield 
(kg/ha)

% Error Forecasted yield 
(kg/ha)

% Error Forecasted yield 
(kg/ha)

% Error

1977-78 560 556 -0.7 501 -10.6 613 9.5

1978-79 683 674 -1.4 656 -3.9 668 -2.2

1979-80 717 755 5.2 630 -12.2 662 -7.7

1980-81 457 477 4.3 468 2.4 500 9.4

1981-82 482 432 -10.4 527 9.3 467 -3.1

1982-83 653 640 -2.0 664 1.6 707 8.3

1983-84 819 903 10.3 910 11.1 910 11.1

1984-85 1072 1122 4.7 950 -11.4 956 -10.8

1985-86 869 828 -4.7 868 -0.1 928 6.8

1986-87 694 782 12.6 759 9.3 675 -2.8

1987-88 975 896 -8.1 909 -6.8 910 -6.7

1988-89 975 1062 8.9 947 -2.9 868 -11.0

1989-90 952 996 4.7 882 -7.4 1051 10.4

1990-91 1054 1087 3.1 1018 -3.4 966 -8.4

1991-92 854 821 -3.9 760 -11.1 805 -5.7

1992-93 874 785 -10.2 803 -8.1 936 7.0

1993-94 1097 1190 8.5 1172 6.9 1101 0.4

1994-95 1231 1223 -0.7 1134 -7.9 1264 2.7

1995-96 1049 1098 4.6 1164 11.0 1060 1.0

1996-97 1436 1290 -10.1 1268 -11.7 1439 0.2

1998-99 759 722 -4.9 835 10.0 803 5.8

1999-00 1083 968 -10.6 1070 -1.2 1016 -6.2

2000-01 1158 1072 -7.5 1169 1.0 1151 -0.6

2001-02 1216 1091 -10.3 1194 -1.8 1211 -0.4

2002-03 886 809 -8.7 817 -7.8 895 1.0

2003-04 1170 1103 -5.7 1044 -10.8 1181 1.0

2004-05 874 853 -2.3 926 5.9 958 9.6

2005-06 1126 1030 -8.6 1233 9.5 1183 5.1

2006-07 1235 1149 -7.0 1283 3.9 1262 2.2

2007-08 1242 1324 6.6 1381 11.2 1383 11.3

2008-09 1330 1244 -6.5 1306 -1.8 1363 2.5

2009-10 1334 1286 -3.6 1244 -6.8 1309 -1.9

2010-11 1376 1256 -8.7 1242 -9.7 1273 -7.5

2011-12 1317 1186 -10.0 1217 -7.6 1278 -3.0

2012-13 1204 1110 -7.8 1142 -5.1 1272 5.7

2013-14 1367 1277 -6.6 1263 -7.6 1295 -5.3

Table 4. Forecasted yield and error per cent of three different models from year 1974 to 2014 for Bathinda

2 The modified model showed increase in the value of R

(81 %). The error per cent for modified model ranged from -

12.2% to 11.2% for the last 36 years.

Model 3: The multi-regression analysis using SPSS has 

been employed for the estimation of mustard yield in different 

districts of Punjab. 

Regression equation for Hoshiarpur district was 

generated and is as follows:
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Year Actual yield
(kg /ha)

Model 1 Model 2 Model 3

Forecasted yield 
(kg/ha)

% Error Forecasted yield 
(kg/ha)

% Error Forecasted yield 
(kg/ha)

% Error

Hoshiarpur

2014-15 1082 1146 5.9 1193 10.2 1124 3.8

2015-16 1110 1075 -3.1 1112 0.2 1140 2.7

2016-17 1214 1208 -0.5 1144 -5.8 1287 6.1

Ludhiana

2014-15 1421 1263 -11.2 1275 -10.3 1368 -3.7

2015-16 1343 1255 -6.5 1212 -9.7 1502 11.9

2016-17 1527 1389 -9.0 1399 -8.4 1542 1.0

Bathinda

2014-15 1329 1184 -10.9 1150 -13.5 1225 -7.8

2015-16 1554 1417 -8.8 1385 -10.9 1443 -7.1

2016-17 1416 1300 -8.2 1433 1.2 1413 -0.2

Table 5. Validation of Forecasted yield and error per cent by three different models from year 2015 to 2017 for Hoshiarpur, 
Ludhiana and Bathinda

Yield=1118.97+21.52*Time-2.56*Z20+0.24*Z241 

+0.33*Z341-0.47*Z351
2R = 99%

Here, 

Z20 is the sum of minimum temperature,

Z241 is the sum product of minimum temperature and 

morning relative humidity

Z341 is the sum product of rainfall and morning relative 

humidity

Z351 is the sum product of rainfall and evening relative 

humidity

The regression equation showed that minimum 

temperature, morning and evening relative humidity and 

rainfall plays an important role on mustard yield in Hoshiarpur 

area. The per cent error ranged between -0.1% in year 2004 
2to 3.6% in year 2003. The value of R  is 99 % indicates that 

weather variables were able to explain 99 % of variation in the 

mustard yield at Hoshiarpur region.

The regression equation for Ludhiana is as follows:

Yield=1248.66+22.07*Time

-0.03*Z140+0.54*Z141+0.29*Z151+0.92*Z361+0.76*Z561
2 R = 91 %

Here,

Z140 and Z141 is the sum and sum product of maximum 

temperature and morning relative humidity

Z151 is the sum product of maximum temperature and 

evening relative humidity

Z361 is the sum product of rainfall and bright sunshine 

hours

Z561 is the sum product of evening relative humidity and 

bright sunshine hours

The regression equation showed that different weather 

parameters played an important role on mustard yield in 

Ludhiana area. The per cent error ranged between -4.7 % in 
2year 1981 to 11.6 % in year 2010. The value of R  is 91 % 

indicates that weather variables were able to explain 91 % of 

variation in the mustard yield at Ludhiana region.

The regression equation is as follows for Bathinda 

district:

Yield=979.35+19.57*Time+0.58*Z121+1.48*Z231
2 R = 91%

Here,

Z121 is the sum product of maximum and minimum 

temperature 

Z231 is the sum product of minimum temperature and 

rainfall

The regression equation showed that time, maximum 

temperature, minimum temperature and rainfall plays an 

important role on mustard yield in Bathinda area. The per 

cent error ranged between -11.0% in year 1989 to 11.3% in 
2year 2007. The value of R  indicating that weather variables 

were able to explain 91 % of variation in the mustard yield at 

Bathinda region.

Validation of the models 

Validation of all the three models used to forecast yield of 

mustard was done and summarized in (Table 5).

For Hoshiarpur district, the forecasted yield obtained by 

model 1 was ranged between 1075 to 1208 kg/ha with error 

per cent ranged between -3.1 to 5.9 % for the year 2015, 

2016 and 2017. The error per cent of model 2 is more than the 

basic model during 2015 and were 10.2 (1193 kg/ha), 0.2 

(1112 kg/ha) and -5.8 % (1144 kg/ha) for the years 2015, 

2016 and 2017, respectively. The error per cent for model 3 

were 3.8 % (2015), 2.7 % (2016) and 6.1 % (2017).
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For Ludhiana district, for year 2015, all the three models 

showed less yield than the actual yield, but in year 2016 and 

2017 model 1 and 2 predicted less yield than the actual yield. 

The forecasted yield for the three consecutive years ranged 

between 1255 to 1389 kg/ha with error per cent of -11.2 

(2015), -6.5 (2016) and -9.0 % (2017). The error per cent of 

model 2 was less than the basic model for all the three years 

and were -10.3, -9.7 and -8.4 % for the years  2015, 2016 and 

2017, respectively. The error per cent for model 3 were -3.7 % 

(2015), 11.9 % (2016) and 1.0 % (2017) and the forecasted 

yield ranged between 1368 to 1542 kg/ha.

For Bathinda district, for the year 2015, 2016 and 2017, 

all the three models showed lesser yield than the actual yield. 

The per cent error for model 1 during the year 2015, 2016 and 

2017 were -10.9, -8.8 and -8.2 %, respectively with 

forecasted yield ranged from 1184 to 1417 kg/ha. The error 

per cent of model 2 was less than the basic model and were -

13.5, -10.9 and 1.2 % for all the three years. The forecasted 

yield calculated by model 3 were 1225 (-7.8 %), 1443 (-7.1 %) 

and 1413 kg/ha (-0.2) for the year 2015, 2016 and 2017, 

respectively.

CONCLUSION

Using the forecast models, pre-harvest estimates of 

mustard yield for Hoshiarpur, Ludhiana and Bathinda district 

could be computed successfully in advance before the actual 

harvest. These three models predict the mustard yield very 

well and the error percent of these models were below 15%. 

As the data used for developing this model is of high degree 

of accuracy, its reliability is also high. The district government 

authorities also can make use of the forecast model 

developed using weather indices, in this study, for obtaining 

accurate pre-harvest estimates of mustard crop. Till the final 

production of crops becomes known, decisions have to be 

made on the basis of informed predictions or scientific 

forecasts. The main beneficiaries are farmers (decide their 

procurement prices), traders, exporters and importers.
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Influence of Provenance Variation on Seedling Characteristics 
of Celtis australis in Nursery Environment

Indian Journal of Ecology (2018) 45(4): 797-801

Abstract: Celtis australis L. is a fast growing multipurpose tree species which is largely utilized for fodder, fuelwood, fruit and timber in the 

Himalaya. Therefore, in this study, the eleven provenances of C. australis were selected and tested in nursery environment to identify suitable 

seed source for plantation programme. The seed morphological parameters evaluated which showed that the seed length (8.80mm) in 

Kathua, and seed diameter (7.72mm) and 100 seed weight (21.06g) in Chamba provenance was greater compared to other provenances. 

Germination percentage was significantly higher in Chakarata provenance (68%) compared to other provenance and the lesser germination 

was in Shimla provenance (20%). In nursery environment, height (131cm) and collar diameter (12.80mm) growth was higher in Chakrata 

provenance and the minimum height (90cm) and collar diameter (5.46mm) growth was in Chamba and Shimla provenance. The total biomass 

production was higher (63.78g) in Chakrata and the lower (33.39g) in Shimla provenance. The overall Sum Rank Index confirmed the 

superiority of Chakrata provenance over other provenances in nursery environment. Therefore, provenance selection and testing have great 

potential to improve different characteristics of C. australis for higher growth and productivity. 
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Throughout the globe, multipurpose species are 

subjected to severe anthropogenic pressure making them 

less productive with large number species are threated with 

extinction (Amagnide et al 2015). The indiscriminate 

harvest for fuelwood, fodder, timber and other uses have 

severely affected growth, quality and development of plants 

(Kumar et al 2014, Kumar et al 2016a). However, great 

success has been achieved in enhancing tree species 

productivity through different plant improvement 

techniques. Therefore, it is pertinent to assess the success 

of provenance selection on productivity of multipurpose 

tree species. The high biotic pressure, such as 

indiscriminate and unscientific loping and pruning have 

severely affected growth, development, quality (Kumar 

2016b), biological diversity (Kulkarni and Laender 2017) 

and genetics (Helm et al 2009) of such plant species. In 

addition, climate change has also significantly affected 

populations of different plant species throughout the globe 

(Oliveira et al 2015). 

In order to improve the plant growth and productivity, 

several techniques such as breeding, biotechnology and 

vegetative propagation has been tested and adopted for 

different tree species. However, selection of suitable species 

followed by the selection of suitable provenance within 

species has been considered as one of the most important 

tool to improve tree characters. Moreover, provenance 

selection in tree species improved growth and carbon stock, 

and also provide greater resilience against climate change 

(Whittet et al 2016). The natural variation present in different 

geographical regions induces variation in plant characters in 

a particular species; as a consequence, plant depicts 

variation in its character in new region compared to the 

original geographical region. In general, improvement in 

plant character through provenance selection are of great 

significance for meeting afforestation needs, which can 

provide greater climatic and economic benefits such as 

controlling soil erosion, mitigating climate change, improved 

carbon stock and provision of fuel wood, fodder, fruit and 

timber (Oliveira et al 2015). Himalayan agriculture 

landscapes are characterized by few multipurpose tree 

species. This includes species such as Morus alba, Grewia 

optiva, Bauhinia and Ficus sps. Beside these species, the 

Celtis australis L., a fast growing multipurpose tree species 

which is largely utilized for fodder, fuel, fruit and timber in the 

Himalaya (Yadav and Bisht 2015). But, it is subjected to 

severe anthropogenic pressure, while it has a great potential 

to further improve the productivity of Himalayan landscapes 

(Singh et al 2006). Hence, it is utmost important to improve 

the plant growth and productivity of C. australis. Therefore, 

we investigated the effect of provenance selection on seed 

and seedling characteristics of C. australis in the nursery 

environment.



MATERIAL AND METHODS

Study site: The experiment was conducted during 2012-

2013 at ICAR-IISWC, Research Farm, Selaqui, Dehradun, 
o oIndia (30 21' N and 75 52 E') situated at 525 m above mean 

sea level. The area is characterized by winters from 

November to March and summers from April to October. The 

average daily maximum and minimum air temperatures 
O Oranged from 20.6 to 31.7 C in June and 1.1 to 17.8 C in 

January. The mean annual precipitation is 1625 mm, with 

80% falling during the rainy season (June-September).

Seed source: The seeds of C. australis were collected from 

eleven different seed sources during October-November, 

2012. The sites were selected from Jammu Kashmir to 

Uttarakhand with the aim to collect seed from the wide range 

of geographical environment to exploit greater genetic 

variability. The latitude, longitude and altitude of the seed 
o osource were ranged from 29 21'11.89”N to 32 45'44.79”N 

o oand 75 51'09.52”E to 79 38'35.79”E and 1040m to 1691m, 

respectively (Table 1). The seeds were collected from plus 

trees which were better in average height and diameter than 

other trees to establish a provenance trail. The seedling were 

first screened in the nursery and then in the field to a select 

most suitable provenance of C. australis for greater growth 

and biomass production.  

Evaluation of seed and seedlings: From each seed source 

approximately 500g drupe was collected from different plus 

trees and brought to the laboratory for further processing. 

The ripened drupe of C. australis dried under the sun for 24 

hours to remove moisture in the seeds. Hereafter, the 

physical features (length, breadth and weight) of seeds 

determined to know the provenance wise variability in seed 

characteristics. Seed samples (100 seeds) with three 

replications selected from each seed source, and their length 

and diameter were measured. In addition, seed weight of 

three replicate samples each containing 100 seeds was also 

recorded as per ISTA rule (FAO 1985). The seed of each 

provenance stored in refrigerator from November, 

2012–January, 2013 and subsequently sown in nursery in 

the first week of February, 2013. The seeds of C. australis 

soaked in water for 24 hours before sowing in the nursery to 

hasten the germination process. The five seeds were sown in 

each polybag at 2x2cm spacing in 1.5 to 2.0cm depth. During 

nursery, weeding after two weeks and irrigation everyday 

provided till the transplanting stage. The seed germination 

was recorded after one month of the sowing. 

All treatments were examined daily for recording the 

germination to determine the germination percentage (GP). 

Seeds were considered germinated when the radicle was 5 

mm long (Sosa et al 2005). The five seedlings of each 

provenance were selected randomly and their plant height, 

collar diameter, number of branches and number of leaves 

recorded after seven months of seed sowing. In addition, 

seedlings were uprooted to record tap root length and 

number of lateral root in different provenance. The stem, 

leaves, branches and roots of seedlings separated and oven 

dried at 60ºC for 48 hours to record the dry biomass of each 

component. The experiment was laid out in randomized 

block design (RBD) containing eleven treatments 

(provenance) with five replications in each. The data were 

statistically analyzed using GLM procedure in SAS 9.3 

software. Tukey's HSD test was used to compare means 

within and among treatments at 5% level of significance.

Overall sum rank index method: The superiority of 

provenance was judged based on the overall sum rank index 

Provenance Latitude Longitude Altitude
(m)

Seed length 
(mm)

Seed breadth
(mm)

100 seed 
weight (g)

Germination 
(%)

Almora o29 38'39.29”N o79 38'02.94”E 1216 cd6.56 bc6.71 cd15.87 abc58.41

Chakrata o30 55'56.54”N o77 47'08.21”E 1040 abc7.73 abc7.16 bc17.92 a68.45

Chamba o32 45'44.79”N o76 03'52.50”E 2154 ab8.16 a8.15 a22.90 fg25.12

Kathua o32 42'10.11”N o75 51'09.52”E 1615 a8.80 ab7.72 ab21.06 e35.21

Kullu o31 38'00.12”N o77 21'00.32”E 1691 bc7.56 abc6.82 cd14.80 ef31.68

Nainital o29 21'11.89”N o79 38'35.79”E 1604 de6.28 cd5.87 e9.34 cd52.87

Palampur o32 08'24.96”N o76 33'16.37”E 1327 cd6.74 cd5.78 bc17.50 d49.10

Shimla o31 07'46.12”N o77 13'38.63”E 2322 e5.14 d5.10 cd14.17 g20.74

Sirmour 030 40'15.28”N o76 33'35.45”E 1405 bcd7.10 bc6.54 bc17.96 cd54.79

Solan o30 51'12.30”N o77 10'51.53”E 1161 bc7.52 bc6.62 de12.94 ab65.24

Tehri o30 289'17.40”N o78 00'21.93”E 1356 de6.24 cd5.98 c14.27 d48.32

Table 1. Latitude, longitude and altitude of different places and morphological characters of the seeds and their germination

Different letters indicate significant differences at p < 0.05. 
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method. The seedling height and diameter and biomass was 

considered for comparison and selecting the best 

provenance. Each character was ranked between 1 (lowest)-

11 (highest) based on their values and the sum of all the 

characters was used to compare the performance of 

provenance (Simonne et al 1999). 

RESULTS AND DISCUSSION

Seed characters: The seed length was significantly higher in 

Kathua provenance (8.80mm), followed by Chamba, 

Chakarata, Solan provenance, while the least value 

(5.14mm) was in Shimla provenance (Table 1). The seed 

diameter was higher (8.15mm) in Chamba provenance and 

least (5.10mm) in Shimla provenance. The 100 seed weight 

was greater in Chamba provenance (22.90g), while lowest 

value was observed in Nainital provenance (9.34g). The 

results suggested that the provenance variations influenced 

seed characteristics of C. australis. Singh et al (2006) 

observed that provenance variation resulted in varied seed 

weight from 47g to 83g in C. australis. 

Germination: The germination percentage was significantly 

higher in Chakarata provenance (68.45%) compared to other 

provenance and the lesser germination (20.74%) was in 

Shimla provenance. The germination in Chakrata 

provenance was 4.60 (Solan), 14.66 (Almora), 19.95 

(Sirmour), 22.76 (Palampur) and 20.00 (Nainital) per cent 

higher than the other provenance (Table 1). The germination 

variation in differences provenance may result in the 

adaptation of seed regeneration in a particular provenance 

during extreme weather events under climate change 

scenarios (Kumar et al 2011, Briceño et al 2015). Many early 

researchers have also reported provenances potential in 

improving seed germination of tree species (Loha et al 2006, 

Azad et al 2012, Bahru et al 2014). Hence, it demonstrated 

that germination in C. australis can be improved, if wide 

ranges of provenance are selected for testing and evaluation. 

Seedling growth: The plant height was significantly higher 

(131cm) in Chakrata provenance compared to other 

provenance and the lesser plant height (90cm) was  in 

Chamba provenance (Table 2). The collar diameter ranged 

between 5.46-12.83cm being significantly higher in  

Chakrata provenance than Solan, Almora, Sirmour, and 

Nainital provenance. The number of branches (11.95) and 

leaves number per plant (199.54) in Solan provenance were 

greater than Chakrata, Almora, Palampur and Sirmour 

provenance in decreasing order. The tap root length 

(71.95cm) and number of lateral roots (11.75) were more in 

Chakrata provenance than the other provenance. This 

suggested that, provenance variation resulted in differences 

in the growth pattern of seedlings in the nursery environment. 

The varied plant growth in difference provenances may result 

in their varied response to changing climate in a particular 

region (Alfaro et al 2014). In Central Himalaya of India, Singh 

et al (2006) also observed similar differences in C. australis 

provenances under nursery environment. 

Biomass production: The provenance variation 

significantly affected stem biomass, root biomass and total 

biomass of C. australis in nursery environment (Table 3). The 

stem (16.78g), root (26.01g) and total biomass (63.78g) was 

more in Chakrata provenance than the other provenances. 

The total biomass in remaining provenance was ranged from 

33.39 - 63.78g being minimum in Shimla provenance. This is 

because the provenance affected plants growth, which 

induced variation in biomass production of C. australis 

seedlings (Singh et al 2006). The enhanced biomass 

production through provenance selection will improve CO  2

sequestration that could contribute to climate change 

mitigation in degraded land. The variation in seedling 

biomass among different provenances has been reported by 

earlier researchers (Savolainen et al 2007, Rweyongeza et al 

2010, Breed et al 2013). 

Overall sum Rank index: The overall sum rank index for the 

provenances was in order of Shimla<Chamba<Kullu< 

Tehri<Nainital<Palampur <Sirmour<Kathua<Almora< 

Solan<Chakrata, respectively (Fig. 1). The Chakrata 

provenance followed by Solan provenance performed better 

than other provenance in term of overall performance based 

on growth and biomass in the nursery environment. This 

indicates that Chakrata provenance is best for seedling 

growth (nursery) in climate, topography and edaphic 

environment similar to the Dehradun. 

Correlation coefficient: The correlation between seed and 

nursery parameters explained that seed germination was the 

significantly best indicator of provenance performance (0.54-

0.88) of C. australis in the nursery environment (Table 3). On 

the other hand, non-significantly low correlation was 
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Seed 
length 
(mm)

Seed 
breadth 
(mm)

100 
seed 

weight 
(g)

Germination
(g)

Collar 
diameter 

(mm)

Height 
(cm)

No. of 
branches

(no)

No. of 
leaves

(no)

Tap 
root 

length 
(cm)

Lateral 
roots 
(no.)

Total 
biomass 

(g)

Seed length (mm) 1.00

Seed breadth (mm) 0.92*

100 Seed weight (g) 0.66 0.73*

Germination (%) 0.03 0.26 0.33

Collar diameter (mm) 0.25 0.42 0.57 0.85*

Height (cm) 0.39 0.54 0.65 0.81* 0.96*

No. of branches (no.) 0.27 0.41 0.56 0.88* 0.83* 0.85*

No. of leaves (no.) 0.06 0.20 0.40 0.84* 0.84* 0.78* 0.86*

Tap root length (cm) 0.15 0.27 0.46 0.85* 0.95* 0.90* 0.82* 0.85*

Lateral roots (no.) -0.03 -0.02 0.39 0.54 0.65* 0.59 0.72* 0.63 0.67*

Total biomass (g) 0.39 0.55 0.67 0.87* 0.92* 0.90* 0.94* 0.82* 0.87* 0.70* 1.00

Table 4. Correlation coefficient between seed and nursery parameters of Celtis australis

*Indicates significant correlation coefficient

Provenance Height (cm) Collar diameter 
(mm)

Number of 
branches

Number of leaves Tap root length 
(cm)

Number of lateral 
roots 

Almora b118.50 bc9.28 ab11.45 c134.54 b62.14 cde10.46

Chakrata a131.60 a12.83 ab11.56 b159.63 a71.95 ab11.75

Chamba f90.42 d5.76 c6.58 e79.24 c47.2 ef8.59

Kathua de102.10 cd6.90 c7.42 de95.23 b58.4 ef8.65

Kullu ef94.60 d5.85 c6.42 de82.81 c46.8 f8.25

Nainital e97.70 cd7.60 c7.68 de86.24 b59.38 ef9.54d

Palampur ef95.60 d5.88 abc9.23 d99.35 c49.67 ef8.95

Shimla f92.20 d5.46 c7.23 f57.12 c49.35 abd11.48

Sirmour cd108.70 bc9.02 abc8.97 b155.85 b61.9 cde10.26

Solan c111.80 ab10.02 a11.95 a199.54 a68.45 a12.54

Tehri ef97.40 cd6.76 bc8.34 de91.42 c51.84 cde10.42

Table 2. Influence of provenance on seedling height, collar diameter, number of branches, number of leaves, tap root length 
and lateral root of Celtis australis 

Different letters indicate significant differences at p < 0.05. 

Provenance Stem biomass (g) Leaf  biomass (g) Branch biomass (g) Root biomass (g) Total biomass (g)

Almora bc13.69 ab16.54 ab3.37 bc19.24 b52.84

Chakrata a16.68 ab17.31 ab3.78 a26.01 a63.78

Chamba efg9.87 cd8.81 de1.4 de13.58 cd33.67

Kathua fg8.71 ad9.03 de1.15 cde16.05 cd34.94

Kullu g8.52 cd8.85 e1.06 cde15.46 cd33.89

Nainital def11.13 c11.10 cd2.11 bcd17.14 c41.48

Palampur e10.58 c10.42 de1.82 bcd17.32 cd40.14

Shimla g8.43 d7.60 e0.97 bcde16.39 d33.39

Sirmour cd12.69 c10.78 bc2.87 e13.12 cd39.46

Solan ab14.96 a19.16 a3.95 b20.33 ab58.40

Tehri efg10.19 c10.20 de1.51 cde16.16 cd38.06

Table 3. Provenance wise variation in shoot, leaf, branch, root and total biomass of Celtis australis under nursery environment

Different letters indicate significant differences at p < 0.05. 
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recorded between nursery parameters, seed length (-0.03-

0.39), breadth (-0.02-0.64), 100 seed weight (0.39-0.65). 

CONCLUSION

The provenance selection successfully increased 

growth and biomass productions of Celtis australis in nursery 

environment. The significant variation in seed characteristics 

observed among the provenances. In addition, provenance 

wise significant variation in plant characters recorded in the 

nursery environment. Chakrata provenance performed best 

among all provenances followed by Solan, Almora, Kathua, 

Sirmour, Nainital, Palampur, Tehri, Kullu, Chamba and 

Shimla under nursery conditions. The provenance selection 

and testing through improved plant characteristics has great 

potential to mitigate the negative effect of climate change 

through greater climate resilience and enhanced CO  2

sequestration and will also stabilize the degraded ecosystem 

of the Himalaya. Therefore, the provenance selection and 

testing of other commercially important tree species should 

be initiated to further enhance the productivity of Himalaya for 

improving the climatic and economic benefits in theses 

region.
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Effect of Chemical and Organic Fertilizers and Interactions With 
High Potash and Silicon Spraying on Vicia faba L. Antioxidants 

in Salinity Soil

Indian Journal of Ecology (2018) 45(4): 802-805

Abstract: A field experiment was conducted during 2014-2015 season to study the effect of two soil fertilizer treatments  200 kg/ha  compound 

fertilizer NPK 18-18-18 and organic manure (10 ton/ha of sheep manure) and their interaction with high potash [1% of N-P-K, 0-5-36] and 

silicon [0.5 mM of potassium silicate on broad bean antioxidants [superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX), 

glutathione (GSH), ascorbic acid and proline] in saline soil (9.4 dS/m). The application of soil fertilizers caused a significant increase in the 

activity of CAT, APX, GSH, but it had no significant effect on SOD activity. While it caused a significant decrease in proline and a changeable 

effect on ascorbic acid content whereas compound fertilizer caused a significant reduction in ascorbic acid compared to control. The organic 

fertilizer caused a significant increase in ascorbic acid compared to control. Foliar fertilizers resulted in significant increase in the activity of 

CAT, SOD, GSH and proline, but it had no significant effect on APX and ascorbic acid compared to control. The interactions between the factors 

caused significant effects on all parameters.
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Salinity is the main problem on plant production in many 

countries all over the world (Munns and Tester 2008). Similar 

to other environmental stresses, salt stress leads to the 

generation of reactive oxygen species (ROSs), such as 

superoxide radical (O )̄, hydroxyl radical (OH), singlet 2

1oxygen ( O ) and hydrogen peroxide (H O ), (Ashraf and 2 2 2

Shahbaz 2003). The accumulation of ROSs damages critical 

organelles via lipid peroxidation and is capable of inducing 

damage to almost all cellular macromolecules, including 

DNA, proteins and carbohydrates (Moussa 2006). The 

activity of anti-oxidative enzymes as the most important 

components in scavenging and the prevention of ROSs 

damage usually increase under salt stress conditions (Tester 

and Davenport 2003). Proline has been considered as a 

carbon and nitrogen source for rapid recovery from stress 

and growth, a stabilizer for membranes and some 

macromolecules and also a free radical scavenger (Jain et al 

2001). Faba bean (Vicia faba L.) is the most important 

leguminous crops used for human. Application of fertilizers 

have been successfully employed to mitigate the salt-

induced losses (Ashraf et al 2008). Adding potash or silicon 

improving yield and reducing biotic and abiotic stresses on 

plants (Epstein 1999). The aim of this experiment was to 

determine the effect of chemical and organic as soil fertilizers 

and their interactions with high potash and silicon as foliar 

fertilizers on alleviation of salt injury on enzymatic and non-

enzymatic antioxidants of broad bean.

.

MATERIAL AND METHODS

A field experiment was conducted during 2014-2015 

growth season to study three treatments of soil fertilizers 

(200 kg/ha)  compound fertilizer NPK, 18-18-18 and organic 

10 ton/ha of sheep manure, as well as control with three 

treatments of foliar fertilizers (high potash 1% of NPK 0-5-36, 

silicon 0.5 mm of potassium silicate and control) in salinity 

soil (silt-clay with pH 7.8 and the salinity 9.4 dS/m) on broad 

bean (Vicia faba L.). Randomized complete block design with 

three replicates was used. The experimental unit contained 3 
2ridges (2.4 x 3 m )  planting on both sides (25 cm apart) with 

local variety of broad bean on October 6, 2014. Organic and 

chemical fertilizers were added at planting time. Foliar 

fertilizers were added twice, first at one month after 

germination, and the second at flowering stage. The data 

were recorded after two weeks of the second spraying which 

included SOD (super oxide dismutase) activity (Marklund 

and Marklund 1974), catalase activity (Aebi 1973), ascorbate 

peroxidase (APX) (Chen and Asada1992), the content of 

GSH (Riddles 1979), proline content (Bates et al 1973) and 

ascorbic acid content according to (Shalata and Neumamnn 

2001).



RESULTS AND DISCUSSION 

The plants supplemented with soil fertilizers (compound 

or organic) showed significant increase in catalase activity 

(7.2 and 7.4 unit) respectively compared to control (2.9 unit). 

Catalase activity increased in plants supplemented with foliar 

fertilizers high potash and silicon to 7.6 and 5.3 units, 

respectively, compared to 4.6 units in control. The soil 

fertilizers simultaneously with foliar fertilizers increased 

enzyme activity. The highest CAT activity was obtained at 

chemical soil fertilizer simultaneously with foliar application 

of high potash (9.3 units).

The application of soil fertilizers (compound or organic) 

had no significant effect on plant content of superoxide 

dismutase activity compared to control, while SOD activity 

was increased in plants supplemented with silicon, which 

reached to 18.1 units compared to 13.5 units in control.  The 

soil fertilizers simultaneously with foliar fertilizers caused 

changeable enzyme activity at spraying high potash, while it 

caused significant increase at spraying silicon.

 The APX activity increased in plants supplemented with 
-4organic soil fertilizer which reached 3.6×10  compared to 

-43.0×10  in control, while foliar fertilizer had no significant 

effect on plant content of APX. The addition of soil fertilizers 

altogether with foliar fertilizers caused changeable enzyme 

activity and soil supply with chemical fertilizer + spraying high 

potash or organic fertilizer + spraying of silicon caused a 

Soil fertilizers Foliar fertilizers Average of soil fert.

Without spray High potash Silicon

Catalase activity (U).

Control 1.5 4.4 2.7 2.9

Compound 6.6 9.3 5.6 7.2

Organic 5.6 9.1 7.6 7.4

Average of foliar fert. 4.6 7.6 5.3

CD (p=0.05) Soil .=0.662     foliar=0.662      interaction=1.146

Superoxide dismutase activity (U).

Control 14.1 10.4 18.8 14.4

Compound 11.9 16.4 17.9 15.4

Organic 14.5 12.2 17.7 14.8

Average of foliar fert. 13.5 13 18.1

CD (p=0.05) Soil =n.s.   foliar=1.300  interaction=2.252

Ascorbate peroxidase activity (U)

Control -42.8×10 -43.1×10 -43×10 -43.0×10

Compound -43.4×10 -43.8×10 -42.8×10 -43.3×10

Organic -43.3×10 -43.3×10 -44.2×10 -43.6×10

Average of foliar fert. -43.2×10 -43.4×10 -43.3×10

CD (p=0.05) -4 -4Soil =0.36×10     foliar=n.s.    interaction=0.63×10

Table 1. Effect of fertilizers on enzymatic antioxidants activity  

-4 -4 significant increases in APX activity to 3.8×10  and  4.2×10

units respectively.

 The soil fertilizers caused a significant increase in 

glutathione compared to control and organic fertilizer was 

significantly superior. Foliar fertilizers caused a changeable 

effect, that high potash decreased GSH significantly with a 

reduction of 33 per cent, while silicon caused significant 

increase of 37.2 per cent compared to control. The 

interaction had a significant effect, that low value of GSH 

obtained from silicon (1217), while high value obtained from 

organic fertilizer + silicon spraying (7627).

Chemical fertilizer caused a significant reduction in 

ascorbic acid content compared to control (20.8%). The 

organic fertilizer caused a significant increase (52%), but 

foliar fertilizer had no significant effect. The interaction had a 

significant effect and chemical fertilizer + silicon spraying 

gave lowest content of ascorbic acid (91.6 mg/g.f.w.), while 

organic fertilizer + silicon spraying gave highest content of 

ascorbic acid (276.7 mg/g.f.w.).        

The soil fertilizers had a significant effect in decreasing 

proline content and chemical fertilizer caused significant 

reduction in proline content compared to control (51%). The 

organic fertilizer caused a reduction 7 per cent. Foliar 

fertilizer caused an increase of proline content and silicon 

spraying was significant compared to control only with a 

reduction 9.1 per cent. The interaction had a significant effect 
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Soil fertilizers Foliar fertilizers Average of soil fert.

Without spray High potash Silicon

Glutathione GSH (ìg/g.F.W)

Control 2807 3005.3 1217 2343.1

Compound 4080.3 2152 6092 4108.1

Organic 3999.5 2134.5 7627 4587

Average of foliar fert. 3628.9 2430.6 4978.7

CD (p=0.05) Soil f.=205.9    foliar=205.9    interaction=356.7

Ascorbic acid (mg/g.f.w)

Control 166.3 165.5 173.9 168.6

Compound 159.2 149.9 91.6 133.6

Organic 251.1 240.5 276.7 256.1

Average of foliar fert. 192.2 185.3 180.7

CD (p=0.05) Soil f.=15.73   foliar=n.s.  interaction=27.25

Proline (mg/g.D.W)

Control 3.5 5.0 4.4 4.3

Compound 3.4 1.7 1.3 2.1

Organic 3.1 3.8 5.0 4

Average of foliar fert. 3.3 3.5 3.6

CD (p=0.05) Soil =0.225   foliar=0.225  interaction=0.394

Table 2. Effect of fertilizers on non- enzymatic antioxidants

in which high proline content results from no soil fertilizer + 

high potash spraying and organic fertilizer application + 

silicon spraying, while low proline content results from 

chemical fertilizer application + silicon spraying.

The results showed that high potash and organic 

fertilizers treatments led to a significant increase in CAT and 

SOD activity. It may be related to the role of K in survival 

mechanism of the plant and the specific effect of potassium 

on the antioxidant level (Guru Devi 2012), or because its role 

in enzymes activation, protein synthesis, photosynthesis, 

stomatal movement, osmo-regulation, energy transfer, 

phloem transport, cation-anion balance and stress 

resistance (Marschner 2012, Heidari and Jamshidi 2011). 

This results are agreed with (Jasim and Abu Al-Timmen 

2014) that high potash caused a significant increase of 

antioxidants in broccoli leaves and flowers , and high potash 

treatment led to increase plant tolerance to salt stress by 

increasing antioxidant mechanisms . 

 Silicon improved the activity of antioxidant enzymes. It 

may enhance crop resistance to oxidative stress and 

improved growth (Mohaghegh 2011). Higher activities of 

SOD and APX in salt-stressed leaves induced by Si addition 

may protect the plant tissues from membrane oxidative 

damage under salt stress, thus mitigating salt toxicity and 

improving plant growth (Zhu et al 2004). This results are 

agreed with (Liang 1999) who found an increase of SOD 

activity in salt-stressed barley leaves, and increases in SOD 

 

and CAT activity in salt-stressed barley roots (Liang et al 

2003). The redox status of glutathione was also improved 

with a significant increase in reduced glutathione at Si treated 

plants. These results are in agreement with (Milne et al 2012 

and Saquib et al 2008), who reporting that GSH increases 

with applications of Si in NaCl stressed lettuce and wheat. 

Organic fertilizer caused an increase in antioxidant activity, 

which agreement with (Aminifard et al  2013, Alphonse et al 

2015). 

CONCLUSION

The application of soil fertilizer increased the activity of 

catalase, ascorbate peroxidase and glutathione, but caused 

a reduction in proline. Chemical fertilizer reduced ascorbic 

acid, but organic fertilizer increased ascorbic acid. Foliar 

fertilizers caused an increases in the activity of catalase, 

super oxide dismutase,  glutathione  and Proline, but it had 

no significant effect on peroxidase and ascorbic acid. 
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Rooting Response of Acer acuminatum Cuttings to 
IBA, Girdling and Season

Indian Journal of Ecology (2018) 45(4): 806-809

Abstract: The effect of Indole-3-butyric acid (IBA), season and pre-conditioning (girdling) was evaluated on the rooting performance of Acer 

acuminatum cuttings. Girdling was done one month prior to collection of cuttings from the forest in two seasons (spring and monsoon). The 

representative cuttings were treated with different concentrations of IBA. IBA at 0.75% IBA provided significantly maximum sprouting 

(71.67%), rooting (41.25%), root length (8.84 cm), number of roots (7.84) and mean dry root weight (396.17 mg/cutting). The rooting of A. 

acuminatum cuttings was influenced by season of planting giving better results during the spring season (March-April). Rooting process was 

also significantly better for girdled cuttings of A. acuminatum. Therefore to achieve the highest rooting success, girdled cuttings of A. 

acuminatum should be collected in spring season (March-April) and treated with 0.75% IBA.

Keywords: Maple, Pre-conditioning of Cuttings, Plant Growth Regulators, Asexual Propagation

Manuscript Number: 2763
NAAS Rating: 4.96

1 2
Suresh Kumar, G.S. Shamet , Neena Kumari  and Nagaraj Hegde

Department of Forestry, Mizoram University, Aizawl (Mizoram) -796 004, India
1 2Department of Silviculture and Agroforestry, Department of Forest Products

Dr. Y.S. Parmar UHF Nauni, Solan -173 230, India
E-mail: suresh@mzu.edu.in

Acer acuminatum (Wall. ex D. Don) is an important 

hardwood species of north-west Himalayas and is small to 

moderate sized, dioecious, deciduous tree, which grows in 

open ravines on shady aspects between 2400-3300m above 

mean sea level. Due to its unchecked exploitation and poor 

natural regeneration, the mass propagation of the species is 

desired. Propagation of trees through seeds is an easy, 

effective and beneficial method. However, it has the 

disadvantage of producing genetically unique seedlings 

which emerge different from others. A. acuminatum produce 

more than 60 percent parthenocarpic fruits, while the 

remaining seeds have physiological dormancy which 

requires long moist stratification (Kumar et al 2017). Many 

plants have the capability to propagate themselves 

asexually; while some others require human involvement to 

achieve the same (Brown 2008). Vegetative propagation 

methods such as cuttings, budding, layering or 

micropropagation are the only option to multiply 

genotypically superior trees but the challenge is to get the 

adventitious roots of the propagules. Some of the maple 

species found to be difficult-to-root. In vegetative 

propagation, auxins are commonly used to induce root 

formation in cuttings, mainly when working with the difficult-

to-root woody species (Acquaah 2005). Pre-conditioning of 

the cuttings (blanching, girdling, etc.) play significant role in 

further increasing the rooting success in many plants. At the 

same time, season of collection of cuttings also plays an 

important role in the physiological processes of root 

formation in the vegetative propagation (Hartmann et al 

2002). The information on propagation of A. acuminatum 

through cuttings is not available. In the present study the 

effect of IBA and girdling on the rooting success of A. 

acuminatum cuttings in spring and monsoon season was 

examined for two years.

MATERIAL AND METHODS

The cuttings of Acer acuminatum were collected from 

Pattidhank forest (31°10' to 31°11' N and 77°59' to 77°62' E) 

of Theog Forest Division (Himachal Pradesh). Vigorously 

growing, disease free shoots were selected and marked after 

an initial survey. Pre-conditioned cuttings were obtained from 

selected trees after allowing pre-callus growth caused by 

removing quarter inch wide bark. The debarked portion was 

covered with black tape and left undisturbed for about one 

month, enabling the callus to grow. The callused cuttings and 

plain cuttings (without debarking) were collected and 

wrapped in sphagnum moss and drenched with water to 

prevent drying while transporting them to experimental 

nursery at Dr. YS Parmar University of Horticulture and 

Forestry, Nauni-Solan.

The different IBA formulations were tested along with I : 1

talc only, I : 5% captan + 5% sucrose + talc. The I , I , I , I  and 2 3 4 5 6



I  contains IBA @ 0.25, 0.50, 0.75, 1.0 and 1.25 percent along 7

with 5 percent captan + 5 percent sucrose + talc. The 

required amount of IBA was dissolved thoroughly in a small 

quantity of absolute alcohol (10 ml) and desired amount of 

sucrose (2.5 g) and Captan 50% WP (5.0 g) and talcum 

powder (50g – 7.5g – IBA in respective formulation in g) into 

the beaker. The continuous stirring of the mixture was done 

with a glass rod to form homogeneous slurry. The alcohol in 

the mixture was allowed to evaporate in a cool, dry and dark 

place to avoid degradation of auxin. The dried formulations 

were grounded to a fine powder. All the cuttings were given 

two vertical slits at the base before treatment with IBA. The 

basal portion of the cuttings was dipped in Carbendazim 50% 

WP solution (2 g/l) for five seconds to avoid pathogen 

infection and 30 cuttings per treatment were treated with 

respective IBA concentration. Excess powder was tapped off 

from the cutting base. Two types of cuttings viz., girdled (G ) 1

and fresh/non-girdled (G ) were planted during spring 2

(March-April: S ) and monsoon (June-August: S ) season.1 2

The cuttings were planted 7-8 cm deep in the polythene 

bags filled with sand. In order to minimize the water loss in the 

cuttings, all other leaves were removed by leaving half of the 

top two leaves. Irrigation and weeding was carried out as and 

when required. Drenching of Carbendazim 50% WP (2 g/l) 

and Captan 50% WP (2 g/l) were given fortnightly to prevent 

rotting of cuttings. Humidity (>80%) was maintained by 

hanging wet gunny bags near the cuttings inside the shade 

net house. The sprouting initiated one week after the planting 

of cuttings and recorded up to two months. The observations 

on callusing and rooting characteristics were recorded after 

four months. The experiment consisted of 28 treatments 

each replicated (10 cuttings/replication) thrice in randomized 

block design (factorial). The data for two years of 

investigation were pooled after performing homogeneity test. 

RESULTS AND DISCUSSION

Effect of IBA on rooting behaviour of cuttings: The 

significantly higher sprouting (71.67 %) and rooting (41.25 %) 

was observed with IBA @ 0.75% (Table 1). The maximum 

callusing after four months was with I (5% captan + 5% 2 

sucrose + talc). The minimum rooting success (6.67 %) and 

root dry weight (80.88 mg) was in control. Maximum root 

length, number of roots and root dry weight was with 

allocation of IBA @ 0.75% followed by 1.00%. The auxin 

treatment increased root number and root length in cuttings 

of Pongamia pinnata (Kesari et al 2010), Acer 

pseudoplatanus, A. platanoides, and A. campestre 

(Spethmann 2007) and Acer velutinum (Farhadi et al 2007). 

Contrary to this, Rioux et al (2003) in A. saccharum, did not 

found any significant effect of auxin concentrations on root 

induction.

Effect of season on rooting behaviour of cuttings: 

Significantly higher rooting (28.69%), sprouting (60.36%) 

was in spring season in comparison to 23.10 and 54.17% in 

Treatment Sprouting (%) Callusing (%) Rooting (%) Root length (cm) Number of roots Root dry weight (mg)

IBA

I1 39.58 (38.94) 27.08 (31.18) 6.67 (13.52) 4.78 4.38 80.88

I2 47.08 (43.30) 30.83 (33.68) 11.67 (18.88) 5.44 5.14 100.75

I3 56.67 (48.83) 25.83 (30.39) 21.67 (27.59) 6.03 5.92 123.92

I4 65.00 (53.77) 22.08 (27.70) 30.00 (33.01) 6.72 6.67 248.96

I5 71.67 (57.96) 16.25 (23.55) 41.25 (39.87) 8.84 7.84 396.17

I6 62.50 (52.26) 19.17 (25.82) 37.08 (37.45) 7.99 6.95 297.88

I7 58.33 (49.83) 25.00 (29.88) 32.92 (34.82) 7.87 6.76 275.21

CD (p≤0.05) 2.58 2.77 3.49 0.24 0.25 6.91

Season

S1 60.36 (51.13) 22.50 (27.98) 28.69 (31.38) 7.01 6.46 230.53

S2 54.17 (47.41) 25.00 (29.79) 23.10 (27.24) 6.61 6.01 204.83

CD (p≤0.05) 1.38 1.48 1.87 0.13 0.13 3.69

Girdling

G1 58.93 (50.27) 24.05 29.76 (32.13) 7.03 6.68 232.32

G2 55.60 (48.27) 23.45 22.02 (26.49) 6.60 5.80 203.04

CD (p≤0.05) 1.38 NS 1.87 0.13 0.13 3.69

Table 1. Effect of IBA formulations, season and girdling on sprouting and rooting characteristics

Figures in parentheses are arc sine transformed values
I : talc only, I : 5% captan + 5% sucrose + talc, I : I  + 0.25% IBA ,  I : I + 0.50% IBA  I : I + 0.75% IBA, I : I + 1.00% IBA and I : I + 1.25% IBA , S : Spring (March-April) 1 2 3 2 4 2 5 2 6 2 7 2  1 

and S : Monsoon (June-August) season; G : girdled and G : fresh/non-girdled cuttings2 1 2
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monsoon season (Table 1). The root length (7.01 cm), 

number of roots (6.46) and root dry weight (230.53 mg) of the 

cuttings was significantly higher in spring season. This might 

be due to the warmer period which enhances the rooting of 

the cuttings.  Batista et al (2015) also observed better rooting 

of Eucalyptus clones during the summer months. The rooting 

ability of the cuttings was quite low during monsoon season 

as carbohydrates in xylem tissues are almost lost or limited 

during this period (Yamashita and Okamoto 2008). 

Effect of girdling on rooting behaviour of cuttings: The 

girdling enhanced the rooting of the cuttings (29.76%) as 

compared with fresh cuttings (22.02%) (Table 1). Sprouting 

(58.93%), root length (7.03 cm), number of roots (6.68) and 

roots dry weight (232.32 mg) were also higher for girdled 

cuttings. After removing the phloem, the branch still receives 

the nutrients and water through the xylem tissue. The 

photosynthates then accrue above the pre-conditioned area 

and it encourages the development of callus from where the 

roots develop. Kumar and Shamet (2002) observed that 

girdled cuttings of Taxus baccata produced significantly 

Treatment Sprouting
(%)

Callusing
(%)

Rooting
(%)

Root length
(cm)

Number
of roots

Root dry
weight (mg)

I S1 1 41.67 27.50 8.33 4.73 4.63 85.63

I S1 2 37.50 26.67 5.00 4.84 4.13 76.13

I S2 1 49.17 29.17 14.17 5.36 5.27 109.50

I S2 2 45.00 32.50 9.17 5.53 5.00 92.00

I S3 1 59.17 25.00 23.33 6.27 6.15 132.67

I S3 2 54.17 26.67 20.00 5.78 5.69 115.17

I S4 1 68.33 19.17 33.33 6.97 6.90 266.33

I S4 2 61.67 25.00 26.67 6.47 6.44 231.58

I S5 1 75.83 14.17 45.00 9.11 8.26 415.50

I S5 2 67.50 18.33 37.50 8.58 7.42 376.83

I S6 1 65.83 16.67 38.33 8.39 7.05 312.33

I S6 2 59.17 21.67 35.83 7.59 6.85 283.42

I S7 1 62.50 25.83 38.33 8.23 6.97 291.75

I S7 2 54.17 24.17 27.50 7.51 6.55 258.67

CD (p≤0.05) NS NS NS 0.33 NS 9.77

Table 2. Effect of IBA concentrator  and season on sprouting and rooting characteristics

For abbreviations refer to Table 1.

Treatment Sprouting
(%)

Callusing
(%)

Rooting
(%)

Root length
(cm)

Number
of roots

Root dry
weight (mg)

I G1 1 43.33 30.83 (33.60) 8.33 5.11 4.75 93.25

I G1 2 35.83 23.33 (28.75) 5.00 4.45 4.00 68.50

I G2 1 48.33 30.83 (33.68) 13.33 5.47 5.52 109.08

I G2 2 45.83 30.83 (33.68) 10.00 5.42 4.75 92.42

I G3 1 57.50 28.33 (32.02) 24.17 6.18 6.36 132.17

I G3 2 55.83 23.33 (28.75) 19.17 5.88 5.49 116.67

I G4 1 66.67 20.00 (26.13) 35.00 6.98 7.19 278.75

I G4 2 63.33 24.17 (29.28) 25.00 6.46 6.15 219.17

I G5 1 73.33 15.00 (22.43) 48.33 9.35 8.53 415.33

I G5 2 70.00 17.50 (24.67) 34.17 8.34 7.16 377.00

I G6 1 62.50 19.17 (25.77) 40.83 8.07 7.22 309.42

I G6 2 62.50 19.17 (25.87) 33.33 7.92 6.67 286.33

I G7 1 60.83 24.17 (29.34) 38.33 8.04 7.17 289.25

I G7 2 55.83 25.83 (30.42) 27.50 7.70 6.35 261.17

CD (p≤0.05) NS 2.09 NS 0.33 NS 9.77

Table 3. Effect of IBA formulations and girdling on sprouting and rooting characteristics

Figures in parentheses are arc sine transformed values. For abbreviations refer to Table 1.
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higher rooting than non-girdled ones. Erdogan and Smith 

(2005) observed that girdling alone provides as high rooting 

percent as hormone application in Corylus avellana. 

Interaction effects: The interaction of IBA formulation and 

season has a significant effect on the root length and root dry 

weight of the cuttings of the A. acuminatum (Table 2). Non-

significant effect of IBA formulations and season was 

observed for sprouting, rooting percent, callusing and 

number of roots of the cuttings. Significantly maximum root 

length (9.11 cm) and root dry weight (415.50 mg) were in 

cuttings treated with 0.75% IBA in spring season. Bandana et 

al (2011) observed overall better performance in the rooting 

characteristics of Erythrina suberosa when treated with 0.6% 

IBA formulation during the spring season. Similarly, the 

interaction of IBA formulation and girdling had a considerable 

effect on callusing, root length and root dry weight of the 

cuttings (Table 3). The non-significant but higher rooting was 

observed for girdled cuttings treated with 0.75% IBA 

formulation. Significantly maximum root length (9.35 cm) and 

mean dry root weight (415.33 mg) was also observed for the 

same treatment combination. However, minimum rooting 

parameters were in control of non-girdled cuttings. Poor 

performance of other treatment combinations of girdled as 

well non-girdled cuttings without the application of IBA at any 

concentration (I G , I G  and I G ) was also observed. Shamet 1 2 2 1 2 2

and Sharma (2004) recorded better rooting for the girdled 

cuttings of Toona ciliata when treated with 1% IBA. While 

working with Celtis australis, Shamet and Naveen (2005) 

found significantly higher rooting in girdled cuttings treated 

with 0.40% IBA as compared to control.

CONCLUSSION

It can be inferred from the present study that pre-

conditioning (girdling) and IBA significantly affects the rooting 

success of Acer acuminatum cuttings in different seasons. 

Maximum rooting of the cuttings was observed after the 

application of IBA @ 0.75% followed by 1%. Girdling of the 

cuttings also significantly increased the rooting percentage. 

In comparison to monsoon season of planting, spring season 

provided better rooting of the cuttings. So, for the mass 

propagation of Acer acuminatum through cuttings, girdling of 

the branches should be done 1-2 months prior to nursery 

raising in the spring season and IBA @ 0.75% should be 

applied to the cuttings.
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Effects of Canopy on Seed Germination and Initial Growth 
Parameters of Some Agriculture Crops

Indian Journal of Ecology (2018) 45(4): 810-813

Abstract: The study was undertaken to investigate the effects of homegarden mixed tree canopy on the seed germination and initial growth 

parameters such as  root length,  shoot length, shoot : root ratio and seedling vigour index of five agricultural crops namely, maize (Zea mays 

L.), chilli (Capsicum annuum L.), bean (Phaseolus vulgaris L.), lady's finger (Abelmoschus esculentus L.) Moenchand mustard (Brassica nigra 

L.). Seed germination in maize and chilli was significantly higher in full light condition whereas partial shade under medium canopy cover 

enhanced germination of beans and mustard. The best germination (96.7%) for lady's finger was under the lowest light condition. Mean 

germination time of the test crops did not vary with light conditions except for lady's finger. Low light condition stimulated shoot length in the test 

crops. Contrarily, exposure to full sunlight (canopy <10-40%; max. - 10000 lx) significantly enhanced root growth in chilli, beans and lady's 

finger. In maize and mustard medium light (canopy 40-70%; Partial shade with max. – 7000 lx) seemed to stimulate root elongation. It can be 

concluded that different crops have different light requirement for their germination and growth. Productivity of these crops in homegarden 

agroforestry can be enhanced by manipulating overhead canopy adopting efficient canopy management techniques.

Keywords: Canopy, Light intensity, Agricultural crops, Germination, Seedling vigour index
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Traditional homegardens are now emerging as the most 

promising land use systems in Mizoram to sustain 

agricultural productivity and livelihood of farmers (Sahoo et al 

2010, 2011). This system has been in practise since 

hundreds of years on mountainous hilly slopes playing 

important role in supplementing food and nutritional security 

for the marginal and small holders farmers (Glhena et al 

2013). Management of home garden in general and the tree 

component in particular exert a varied degree of influence 

owing to their canopy size on the performance of productivity 

of homegarden food crops (Caldeira et al 2014, Metalhaes et 

al 2010). Several studies have shown increasing evidence of 

critical role on canopy nurse on seedling survival (Ding and 

Su 2010, Caldeira et al 2014, Oliveira et al 2016), which result 

from both direct and indirect, and positive and negative  

interactions between the species. Proper crown 

management, therefore, is prescribed in order to allow 

adequate amount of photosynthetically Active Radiation 

(PAR) beneath the tree canopies which would drive 

production process of agricultural crops (Ferrandino 2008). 

Several studies reveal that higher plant growth are 

associated with higher light availability and therefore the 

canopy size and position (Marchiori et al 2010, Ayanu et al 

2015) often determine plant growth, development and crop 

yield. Some studies too have shown that the orientation rows 

of crops in relation to sun, can affect competition for light 

between the plants (Ding and Su, 2010, Ndlovu et al 2016). In 

Mizoram, mostly farmer prefer to grow crops in homegardens 

without canopy management, the crops are grown based on 

farmers' wisdom and on available space. The growth of crop 

in homegarden under-storey is limited by sunlight, and 

variation in Leaf Area Index (LAI) of homegarden canopy can 

influence crop growth. Therefore, the present paper attempts 

to highlight the effects of canopy on five agricultural crops for 

better management of these food crops in this agroforestry 

system.

MATERIAL AND METHODS

Field experiment was conducted in the homegardens of 
0Aizawl District, the North Eastern State of India (92 38' to 

0 0 092 42' E longitude and 23 42' to 23 46' N latitude 950 m 

above sea level) involving three levels of canopy. The major 

tree species forming the overhead canopy in the 

homegarden were Artocarpus heterophyllus, Tamarindus 

indica, Parkia timoriana, Trevesia palmata, Phyllanthus 

acidus, Areca catechu, Mangifera indica . Non-dormant 

fertilized seeds of 5 important agricultural crops viz., maize, 

chilli, beans, lady's finger and mustard were used to 

determine the influence of canopy on 3 parameters namely, 

germination, root length and shoot length sown under 3 

different canopies. The experiment consisted of three levels 

of treatments namely: canopy III - <10-40% , full sunlight 

(max. - 10000 lx); canopy II - 40-70% , partial shade (max. – 

7000 lx) and fully shade; canopy I - >70% canopy) having 



 light intensity (< 3000 lx ) with different light intensities and 

temperatures underneath (Fig. 1). Each canopy level 

consisted of three replicated plots. In each replicated plot 100 

seeds each of the selected agricultural crops were sown in 

four different rows, each row having 25 seeds.  Seeds were 

planted in such a manner that each seed has ample space for 

growing up (20 cm apart). Plots were spaced with at least 2 

meters away from each other. A guard area of about 1m was 

maintained between the rows of different species. Altogether 

900 seeds for each crop (100 seeds each × 3 plots × 3 

treatments) were sown. The plots were examined every day 

both in the morning and evening to check for germination. 

After the emergence of the seedling, the germinated plants 

were allowed to grow for >15 days, after which, twenty 

seedlings for each crop from every plot were selected and 

uprooted carefully so that not a single root was broken in the 

process. The uprooted seedlings were washed thoroughly 

under running water till all the soil was removed completely 

and the root length and shoot length of the seedlings were 

measured. Seedling vigour index (SVI) was calculated ( Ab-

dul- Baki and Anderson 1973). The ambient prevailing light 

intensities (using TES 1332A, Digital Lux Meter, No. 

051106796) and temperatures were also recorded.

RESULTS AND DISCUSSION

Seed germination: Seed germination in maize and chilli 

were significantly higher in full light condition with 86.7 and 

83.3% germination, respectively whereas partial shade 

under medium canopy cover enhanced germination of beans 

and mustard ( 93.3 and 96.7%, respectively) (Table 1). The 

best germination (96.7%) for lady's finger was under the 

lowest light condition (canopy level I). Exposure to different 

light conditions did not exhibit any significant variation in 

mean germination time (MGT) of the test crops except for 

lady's finger where full light condition prolonged germination 

time. Partial shade, on the other hand, decreased mean 

germination time in this crop (Table 1).  Germination too is 

affected by the length, quality and photon irradiance of the 

light reaching the seed. The test crops responded differently 

with varied light conditions to which they were exposed to, 

during the seed germination. Such variations in seed 

germination behavior to light by different species was also 

reported by Ologundudu et al (2013) and concluded that the 

influence of light on germination is species dependent.  

Serrano-Bernado and Rosua (2007) found that some 

species such as Gernista versicolour germinated easily 

under darkness at low temperature while Thymus 

serpylloides showed maximum germination under constant 

light to a higher temperature. Except lady's finger, which 

Crops Maize Chilli Beans Lady's finger Mustard

GP MGT 
(Days)

GP MGT 
(Days)

GP MGT 
(Days)

GP MGT 
(Days)

GP MGT 
(Days)

Canopy I 76.7 10.3 73.3 11.7 63.3 9.7 96.7 11.3 73.3 11.3

Canopy II 70.0 10.0 60.0 11.3 93.3 9.3 76.7 10.7 96.7 11.0

Canopy III 86.7 10.0 83.3 11.0 83.3 10.3 73.3 12.3 83.3 11.3

CD (p=0.05) 9.1 4.1 13.8 4.30 21.7 4.98 10.9 1.2 15.4 3.7

Table 1. Germination percentage (GP) and mean germination time (MGT) of agricultural crops under different levels of canopy
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Fig. 1. Light intensities and air temperature under different 
levels of canopy

811Canopy Effects on Seed Germination and Initial Growth



Crops Growth parameters Canopy I Canopy II Canopy III CD (p=0.05)

Maize Shoot length (cm) 10.7 26.8 21.1 2.14

Root length (cm) 6.0 8.8 9.1 2.24

Shoot : Root 1.79 2.94 2.32 -

SVI 1277.5 2517.7 2611.6 -

Chilli Shoot length (cm) 10.2 5.6 8.6 0.78

Root length (cm) 3.8 3.3 6.9 1.15

Shoot : Root 2.66 1.72 1.24 -

SVI 1026.4 535.0 1289.7 -

Beans Shoot length (cm) 28.3 28.5 23.4 0.62

Root length (cm) 7.6 11.2 12.8 1.08

Shoot : Root 3.72 2.54 1.82 -

SVI 2270.3 3706.3 3015.3 -

Lady's finger Shoot length (cm) 17.4 14.5 14.6 2.13

Root length (cm) 10.7 8.8 12.0 2.16

Shoot : Root 1.63 1.65 1.22 -

SVI 2708.3 1789.9 1946.0 -

Mustard Shoot length (cm) 17.3 15.3 15.2 1.09

Root length (cm) 7.8 9.6 8.4 NS

Shoot : Root 2.22 1.60 1.81 -

SVI 1843.8 2403.1 1965.7 -

Table 2. Initial growth and seedling vigour index (SVI) of agricultural crops under different levels of canopy

germinated well under low light all other species required 

moderate to high light condition for better germination. 

Decrease in germination in the light regime was also 

observed by Ologundudu et al (2013) for Delonix regia . 

Ologundudu et al (2013) did not observe any significant 

variation in the mean germination time under light and dark 

regimes except for Amaranthus cruentus. In present study, 

mean germination time was not affected by light except for 

lady's finger where partial shade was found to increase 

germination period. 

Seedling growth: There were significant variations in 

seedling growth of the test crops under different light 

regimes. Although full light condition might favour 

germination in maize, but partial shade to stimulate its shoot 

length. Highly shaded condition, however, was detrimental to 

maize growth (Table 2). Beans too responded well under 

medium light in terms of shoot growth. On the other hand, 

maximum shaded condition favoured shoot elongation in the 

other test crops. Contrarily, exposure to full sunlight 

significantly enhanced root growth in chilli, beans and lady's 

finger. However, in maize and mustard medium light (Canopy 

II) seemed to stimulate root elongation (Table 2).

Seedling Vigour Index (SVI) and shoot: root ratio: These 

were calculated to assess the effect of different light regimes 

on quality of seedlings of the five test crops. In case of chilli, 

beans and mustard highly shaded condition (Canopy I) under 

maximum canopy cover resulted in seedlings with the 

highest shoot: root ratio (Table 2). On the other hand, in 

maize and lady's finger maximum shoot: root ratio was 

recorded under partial shade. The highest seedling vigour 

(SVI) in maize and chilli was obtained in open condition. An 

opposite trend was observed in case of lady's finger. 

However, medium light intensity helped to produce seedlings 

with maximum vigour in beans and mustard (Table 2). Many 

workers confirmed the importance of high light intensity on 

seedling growth and survival.  The different plants respond to 

different ways to canopy light and in the present study similar 

trend has been observed for the test crops used as evinced 

from their differential response to varied light intensities. 

Maize and chilli grew well under full light with their higher 

seedling vigour index. This implies that these plants may 

have higher tolerance to heat compared to the other crops. 

On the other hand partial shade was beneficial for beans and 

mustard and only lady's finger needed higher shade for its 

growth. Ologundudu et al (2013) observed typical 

morphological response under conditions of low photo flux 

density as an increase in stem elongation. High light 

intensities may be excessive for optimum growth regulation 

and photosynthetic activity.

CONCLUSION

In homegarden agroforestry because of its plant 

diversity interaction between trees (woody perennials) and 

the neighbouring agricul tural  crops creates a 
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microenvironment which is very unique and not found in 

conventional mono-cropping system. The different crops 

have different light requirement for its germination and 

growth. Maize and chilli can germinate and grow better in full 

light under open canopy, beans and mustard can respond 

well under medium light and lady's finger need more shade 

for its emergence and better seedling vigour. Productivity of 

these crops in homegarden agroforestry can be enhanced by 

manipulating overhead canopy adopting efficient canopy 

management techniques. Further, detail studies on nutrient 

and allelopathic interaction among the woody ad non-woody 

species are essential to suggest better component 

management strategy in the existing homegarden systems in 

the region. 
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Seed Quality Enhancement through Plasma Treatment: 
A Review

Indian Journal of Ecology (2018) 45(4): 814-821

Abstract: Improving the performance of seed over its inherent capacity is one of the major areas of research in seed science and technology. 

There are numerous post-harvest seed enhancement techniques employed to enhance seed quality. Cold plasma treatment is one such 

recent technique. There are different ways to generate plasma viz., glow discharge, dielectric barrier discharge from various gasses like air, O . 2

On exposure of seed to plasma so generated, the plasma interacts with the seed surface altering the seed surface topography and bio-

chemical and physical properties. These alterations, in general change the behaviour of seed during the initial phase of the germination 

resulting in remarkable changes in the performance of seed and crop in later stages. The plasma can be generated in many ways however for 

seed treatment the glow discharge method is commonly used due to its properties like seed quality improvement, seed enhancement and 

decontamination of pathogens present on seed coat surface. Being a post-harvest factor in the seed quality, it mainly improves the 

physiological and health components of the seed quality. Plasma treatment has been successfully applied in agriculture for seed quality 

improvement, seed enhancement and pathogenic micro-organisms inactivation and has shown encouraging results in many crops, however, 

commercial application of this technology is yet to be standardized. 

Keywords: Cold plasma treatment, Seed germination, Surface modification, Plant growth
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The evolution of present form of life is a very long 

process. It took ages to develop the spermatophytes from the 

very basic unicellular form of life. So is the mode of 

reproduction that has gone through colossal changes from 

simple mitotic division through homospory, heterospory to 

the formation of seed. The seed itself has undergone many 

evolutional changes and improved its performance to survive 

the unfavourable environments. The development of 

different types of dormancy and vivipary are some of the 

common examples of natural improvements in seed 

performance. The performance of the seed can further be 

improved artificially using different techniques that are 

referred to as seed enhancement technology.

Various techniques have been employed to assure this 

superior performance and most have found commercial 

application. These techniques are employed to improve 

performance and quality of the zygotic/natural seed by 

means of making manipulations in physical, chemical and 

physiological properties of seed coat, endosperm and the 

embryo. The other approach in seed enhancement is to 

replace the natural seed with synthetic or artificial seed. Seed 

enhancement technology has a central objective to further 

improve seed performance under very specific regimes and 

with certain planting equipment viz, problematic seed, high 

value of seed, specific planting technique, production 

requirements, biotic stresses, mechanized farming, direct 

seeding, adverse climatic conditions etc.

Plasma treatments for seed quality enhancement

Exposing seeds to plasma is one such treatment having 

positive effects on seed quality. The plasma treatment is the 

post-harvest physical treatment of seed. Being a post-

harvest factor in the seed quality, it mainly improves the 

physiological and health components of the seed quality. The 

problem of poor or slow germination can be solved through 

many techniques and one of them is plasma treatment. 

Plasma, the fourth state of matter, is an ionized gas and can 

be generated in many ways, however, for seed treatment the 

glow discharge method is mostly used. In glow discharge 

method plasma is formed by passage of electric current 

through a low pressure gas. It is created by applying a voltage 

between two electrodes in a glass tube containing gas. When 

the voltage exceeds a certain value, the gas in the tube 

ionizes, transforms into plasma. The ionized gas begins the 

conducting of electricity, causing it to glow (Mehta 2002). 

Glow discharge method is commonly used due to its 

properties like seed quality improvement, seed 

enhancement technique, decontamination of pathogens 

present on seed coat surface. The dry seed treatment i.e. 

plasma treatment is employed to increase the seed coat 

permeability without increasing the moisture content of seed 



unlikely priming and other such treatments. Plasma 

treatment has been successfully applied in agriculture for 

seed quality improvement, seed enhancement and 

pathogenic micro-organisms inactivation (Filatova et al 

2013).

Seed surface topography and imbibitions: Bormashenko 

et al (2012) reported that after cold radio frequency plasma 

treatment the wettability and germination speed of lentils 

(Lens culinaris), beans (Phaseolus vulgaris) and wheat 

(Triticum species C9) seeds was enhanced. Air plasma 

treatment leads to the dramatic decrease in the apparent 

contact angle. Moreover, the speed of germination and yield 

of seeds can be modified by plasma treatment.In a study 

Jiayun et al (2014) reported that after being treated with air 

plasma excited at 5950V for 10 seconds, the permeability of 

the seeds was improved significantly, resulting in the 

acceleration of seed germination and seedling emergence. 

These results indicated that air plasma can change the 

physiological and biochemical characteristics of 

Andrographis paniculata seeds by modifying the seed coat, 

combined with the effects of the active plasma species. 

Seed surface topography: Seed surface topography of the 

plasma treated seeds was observed by Scanning Electron 

Microscopy at 100 K X magnifications which indicated there 

was no apparent difference in treated and untreated seed 

(Fig. 1a, b). The micrograph clearly showed that in the treated 

seed there was etching on the surface of the seed at 

nanoscale (Fig. 1 c, d) (Nalwa et al 2017). This may be due to 

due to removal of thin lipid layer due to exposure to the 

plasma. This lipid layer makes seeds water repellant and 

reduces the length of biopolymer chain that makes up the 

seed coat and improves germination (Sera et al 2010).

Water contact angle: The plasma treated seeds resulted in 

dramatic decrease in apparent contact angle (Fig. 1 and 2). 

Surface morphology of the plasma treated seeds was studied 

by Contact Angle Goniometer. As a result, wettability and 

hydrophilicity of the seed surface was increased due to 

oxidation of surface by plasma treatment (Bormashenko et al 

2012). Treated seed shows etching on the surface of the 

seed at nano scale due to removal of lipid layer that makes 

seed water repellant whereas, no apparent change in 

untreated seed is observed

Effect of plasma treatment on germination: Exposure of 

seeds to a continuous plasma discharge was more effective 

than exposure to a pulsed plasma discharge in oat and 

barley. With the proper conditions of exposure, plasma 

treatment of seed provides a stimulating effect that can be 

used for pre-sowing seed stimulation (Dubinov et al 2000). 

The plasma treated seed led to general stimulation of 

germination activity, enhancement of metabolic processes in 

plant cells and improved development of root system and 

ultimately increased biological mass resulting in increased 

crop yield in soybean (Krapivina et al 1994). Zivkovic et al 

(2004) documented  the effect of air plasma pre-treatment on 

light-induced germination of Paulownia tomentosa seeds 

after a short exposure to plasma (4 to 6 minutes had a 

significantly higher germination of 75 per cent than the non-

treated seeds which recorded 5-30 per cent. An experiment 

Fig.1a. Untreated bell pepper seed 

Fig. 1b. Plasma treated bell pepper seed

(No apparent difference in treated as well as untreated seeds)
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Fig. 1c. Untreated seed

Fig. 1d. Plasma treated seed (Source: Nalwa et al)

was conducted by Sera et al (2008) on the seeds of Lamb's 

Quarters (Chenopodium album) which were stimulated by 

low pressure discharge. The tested seeds were exposed to 

plasma treatment for different time durations and significant 

difference between control and plasma treated seeds were 

observed. The treated seeds showed structural changes on 

the surface of seed coat, they germinated faster and their 

sprout accretion on the first day of germination was longer. 

Germination rate for the untreated seeds was 15 per cent, 

while it increased approximately 3 times (minimum 55%) for 

seeds treated by plasma treatment.

Filatova et al (2010) indicated that the germination ability 

and germination energy of radio frequency plasma treated 

wheat seeds at optimal exposure conditions (t=7 minutes) 

was higher by 2 per cent. Improvements in the germination 

enhancement of wheat and oat caryopsis with the influence 

of cold plasma treatment were reported by Spatenka et al. 

(2010). Wheat and oat caryopsis have been stimulated by 

cold plasma discharge under power of 500 W, air gas flow of 

200 ml/min for different time durations and  plasma did not 

affect germination of oat seeds, but accelerated the rootlet 

generation at plants grown from treated seeds. This 

phenomenon indicated penetration of active species from 

plasma through the porous seed coat inside the caryopsis, 

where they react with seed cells. The seeds of Zea mays L. 

cultivar KWS were exposed to low-temperature plasma 

(LTP) by using Diffuse Coplanar Surface Barrier Discharge 

(DCSBD) for 60 and 120 seconds, respectively The LTP 

treatment of maize seeds affects post-germination growth of 

seedlings and this effect depends on the duration of LTP 

treatment REf. LTP treatment in duration of 60 seconds 

significantly increased the length, fresh and dry weight of the 

roots. Significant decrease in CAT activity was observed both 

in 3 and 6 day old maize roots and G-POX activity in 3 day old 

maize roots grown from seeds exposed to LTP for 60 

seconds. A small, significant increase was detected only in 

SOD activity in 3 day old maize roots grown from seeds 

treated with LTP for 120 seconds and in 6 day old maize roots 

treated with LTP for 60 seconds. Significantly higher DHO 

activity was determined in embryos isolated from seeds 

treated with LTP for 60 seconds. On the contrary, in roots the 

DHO activity decreased with the time of LTP treatment. 

According to Sera et al (2012), the low temperature 

plasma generated under atmospheric pressure depicted the 

positive effect on germination and early growth after 

application of Glid Arc device. The germination and early 

growth of buck wheat (Fagopyruma esculentum) after low 

temperature plasma discharge treatment was tested. Zhou et 

al (2012) treated the seeds using the atmospheric pressure 

plasma equipment with different voltage from 4420 to 6800 V. 

The effects of different voltage plasma treatments on the 

seeds germination were not the same. The plant height, the 

plant extent, the root length, the root extent and the single 

fruit weight of the eight treatments from 4420 to 6800V were 

increased distinctly. The eggplant yields of eight different 

voltage plasma treatments were increased than the control, 

the fruit yields of voltage treatments 5440>6460 V), were 

better than of other voltages. The studies on stimulating 

effect of low temperature plasma on seed germination 
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Seed type Type of plasma Pressure Results References

Oat, barley Continuous and pulsed 
plasma discharge

20 W, flow rate 2 sccm for 
15-20 minutes

Pre-sowing seed stimulation, increase in 
germination and sprout growth

Dubinov A Eet al 
2000

Cotton seed Electric glow discharge 
a n d  r a d i o f r e q u e n c y  
electric field treatment

60 Hz, 15 and 17.5k Hz 
voltages for 8 minutes 

60-90% increase in germination Sera B et al 2008

Soybean Low temperature plasma 
treatment

1.5 Torr oxygen plasma at 
6.25 MHz

S t i m u l a t i o n  o f  g e r m i n a t i o n ,  
enhancement of metabolic processes 
and improved development of root 
system

Krapivina SA et al 
1994

Empress tree Low temperature air  
plasma

4-6 minutes 75% higher germination Denes FS et al 
2003

Lambs Low pressure discharge 30 W pressure Faster germination and sprout accretion Sera Bet al 2012

Wheat Rad io f requency  and  
microwave air plasma 
treatment

7 minutes Enhanced germination and energy Filatova I et al  
2010

Wheat and oat Cold plasma treatment Power of 500W, air gas 
flow of 200ml/min at 
different durations

Accelerated rootlet germination and 
enhanced germination

Sera B et al 2012

Bush bean, 
soybean

Atmospheric pressure 
plasma of air, nitrogen and 
carbon dioxide

1, 5 and 50 minutes, 
otemperature below 60 C

Increased plant growth and behaviour Terumi N et al 
2014

Tomato Cold plasma treatment 4760-6800 V Increased plant height, weight, length 
and diameter of fruit

Bormashenko E 
et al 2012

Lentil, bean, 
wheat

Cold  rad io f requency  
plasma treatment

400-800 Hz and voltage of 
30 kV

Increased speed of germination and yield 
, modification in wettability

Maria H et al 
2012

Maize Low temperature plasma 
by using diffuse coplanar 
surface barrier discharge

60 and 120 seconds Increased root growth Randeniya et al 
2015

Buckwheat Air gas under atmospheric 
pressure

10-15 minutes duration Early growth and increased germination Randeniya et al 
2015

Eggplant Atmospheric pressure 
plasma  

4420-6800 V Increased plant height, root length and 
fruit weight

Tian X B et al 
2002

Spinach seeds Magnetized arc plasma Intensity of 2.0 A Improved germination rate and vigour Changyong S et 
al 2013

Radish Non-thermal plasma 20 minutes treatment time Increase in length of roots and sprouts Mithai A L et al 
2014

Red clover Low temperature plasma 260 W Early growth and higher germination Munkhuu N et al 
2014

Tomato Corona discharge 2kV/mm for 20 seconds Improve germination, root shoot length 
and seed vigour

Gandhare Z W 
and Patwardhan 
M S  2014

Soybean Cold plasma treatment 0, 60, 80, 100mand 120W 
of cold plasma for 15 
seconds

Enhanced seed germination,  seedling 
growth and even the yield

Ling L et al 2014

Wheat Cold hel ium plasma 
treatment

80 W Improved seed germination, chlorophyll 
content and yield

Jiang Jet al 2014

Andrographi 
spaniculata

Atmospheric air pressure 
plasma

5950 V for 10 seconds Accelerated seed germination and 
seedling emergence

Jiayun T et al 
2014

Table 1. Examples from literature on the cold plasma treatment of seeds

characteristic of red clover seeds revealed that low 

temperature plasma dose of 260W are optimum doses for 

getting early and high germination rate for red clover crop 

seeds (Munkhuu et al 2014).A new approach of corona 

discharge for germination improvement in tomato was 

conducted by Gandhare and Patwardhan (2014). The 

analysis revealed the optimal dosage was 2kV/mm for 20 

seconds interval improved germination, root shoot length 

and seed vigour.

Effect of plasma treatment on seed vigour: Matossian 
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Seed type Type of plasma Pressure Results References

Maize, spring wheat, 
lupines

Radiof requency,  p lan-
parallel and cylindrical 
plasmas 

500 W for 3, 5, 
1 0 ,  2 0 ,  4 0  
minutes

Improvement in germination, shoot 
and root growth, provides a good 
fungicidal and bacterial effect

Filatova I et al 2013

Cabbage Corona discharge non-
thermal plasma

F r e q u e n c y  
discharge of 
40kHz

Sterilizing effect of Xanthomanas 
compertris pv. compestris and purify 
the seeds infected with black rot 
disease

Ding L et al 2000

Nuts Low pressure cold plasma Using air gas or 
S F 6  ( S u l f u r  
hexafluoride)

Reduce pathogenic fungi  of  
Aspergillus spp. and Penicillum spp.

Basaran P et al 2008

Artichoke, ginkgo, 
guarana

Oxygen gas plasma, gas 
mixture of oxygen and 
hydrogen peroxide

15-20 minutes Microbial  decontaminat ion of 
medicinal plants

Kalkaslief Set al 2009

Corn, bean, garlic, 
shallot

Atmospheric glow discharge 
plasma

4 0 0 - 8 0 0  H z  
and voltage of 
30 kV

Decontaminat ion of  af latoxin 
producing fungi

Padureanu S 2012

Chick pea Cold atmospheric plasma 1 m i n  C A P  
treatment for 2-
5 minutes

Inactivation of microorganisms and 
increased germination 

Mitra A et al 2014

Blue lupine, honey 
clover, soybean

Radiofrequency plasma 5 . 2 8  M H z  
p l a s m a ,  
p r e s s u r e  o f  
0.5Torr for 20 
minutes

Improvement in fungicidal and 
bacterial effect

Azharonok Vet al 2014

Tomato Cold plasma treatment 80 W pressure Resistance to bacterial wilt and 
enhanced germination

Maria  H et al 2012

Table 2. Examples from literature on the cold plasma treatment of seeds

(2011) compared the growth characteristics of plasma 

treated seeds with the untreated ones. The seeds of bush 

bean and soybean were exposed to atmospheric pressure 

plasma of air, nitrogen and carbon dioxide for three durations 

1, 5 and 50 minutes and seed temperature was kept below 
o60 C to prevent seed deterioration. Plasma treated plant 

seeds increased plant growth as compared to untreated 

control seeds. Plant seeds exposed to atmospheric pressure 

plasma can result in enhanced growth behaviour and plant 

vigour. The influence of cold plasma discharge treatment to 

increase the germination and growth of hemp seed were 

reported by Sera et al (2012). The seeds of three hemp 

cultivars (Finola, Bialobrzeskie, and Carmagnola) were pre-

treated in Plasonic AR-550-M and GlidArc apparatuses for 

three time expositions (180 s, 300 s, and 600 s). Seedling 

growth and acceleration on the fifth day of the experiment 

showed higher values than control sample (153% in length 

and 127% in weight of seedlings).According to Changyong et 

al (2013) the treatment intensity of 2.0 A with magnetized arc 

plasma (MAP) repeated three times on old spinach seeds 

significantly improved germination rate and vigour as 

compared to untreated seeds under laboratory conditions. 

The germination vigour increased by 217.6 per cent and the 

germination rate by 137.2 per cent. This was the optimum 

treatment for stimulating potential vigour and promoting seed 

germination. The positive effect of non-thermal plasma 

treatment on radish seeds were depicted in studies carried 

out by Mithai et al (2014). The plasma treatment had little 

effect on the germination rate, but influenced the early growth 

of seeds. Sprouts and roots of plasma treated seeds were 

longer and heavier than those of control seeds. The best 

results were obtained for 20 minutes treatment time, where 

an increase of the length of roots and sprouts with 10-11% 

and a 30% enhancement of roots weight were determined. 

According to Ling et al (2014), the positive effect of cold 

plasma treatment on seed germination and seedling growth 

of soybean was depicted. Seeds were pre-treated with 0, 60, 

80, 100 and 120 W of cold plasma for 15 seconds. The 

plasma treatments had positive effects on seed germination 

and seedling growth, and treatment of 80W had the highest 

stimulatory effect. Germination and vigour indices 

significantly increased by 14.66 percent and 63.33%, 

respectively. These results indicated that cold plasma 

treatment might promote the growth even yield of soybean. 

The effect of cold helium plasma treatment on seed 

germination, growth and yield of wheat revealed that 

treatment of 80W significantly improved seed germination 

potential (6.0%) and germination rate (6.7%)(Jiang et al 

2014). At the same time, the chlorophyll content (9.8%), 

nitrogen (10.0%) and moisture content (10.0%) were higher 
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Fig. 3a. Untreated seeds (Control) Fig. 3b. 6 minutes plasma  treated seed

Fig. 2a. Change in contact angle of water on bell pepper 
seeds before the plasma treatment

Fig. 2b. Change in contact angle of water on bell pepper seed 
after plasma treatment where water droplet spread 
out flat on seed surface

Fig. 3c. The seedling length of treatment was highest in T3 
depicting high seedling vigour

than those of the control, indicating that cold plasma 

treatment could promote the growth of wheat. Therefore, the 

results showed that cold plasma has important application 

prospects for increasing wheat yield.

Effect of plasma treatment on seed health quality

Effect on viruses: Two plasma systems (plan-parallel and 

cylindrical) confirmed that the low temperature air plasma 

pre- treatment is an effective tool for the improvement of 

germination, shoot and root growth, providing a good 

fungicidal and bacterial effect of maize, spring wheat and 

lupines seeds (Filatova et al 2013). The low pressure cold 

plasma (LPCP)  using air gas or SF6 (Sulfur hexafluoride) 

reduced the pathogenic fungi attachment of Aspergillus spp. 

and Penicillum spp. to seeds below 1% of initial load 

depending on the initial contamination level, while preserving 

germination quality of the seed (Basaran et al 2008) that. A 

significant reduction of 3 log for both species was achieved 

within 15 minutes of SF6 plasma treatment time. 

Decontamination of aflatoxin producing fungi on agricultural 

products by atmospheric glow discharge plasma was 

conducted out by Preechayan et al (2010). Plasma was 

generated at low frequency in the range of 400-800 Hz and 

applying the voltage at 30 kV. Experimental test have been 

carried out with corn, bean, garlic and shallot. Prior to the test, 

there were number of naturally contaminated fungi and it was 
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4counted to 380, 510, 710 and 7 × 10  CFU/g. The corn and 

bean can be sterilized and total mould was completely 

reduced. This method of one- atmospheric glow discharge 

plasma can sterilize the Aspergillus flavus that is coated on a 
4glass bead with the ability to inoculate 1.8 × 10  CFU/g within 

less than 30 minutes. Terumi et al (2014) observed in 

brassicaceous seeds the atmospheric plasma for 10 minutes 

markedly reduced the Rhizoctonia solani survival rate from 

100 to 3% but, seed germination was delayed. Azharonok et 

al (2014) observed the improvement of fungicidal and 

bactericidal effect on biological and medicinal materials of 

blue lupine, honey clover and soybean seeds by using low 

frequency of 5.28 MHz discharge plasma as well as 5.28 

MHz electromagnetic field treatments, pressure of 0.5Torr 

and plasma exposure of 20 minutes. The plasma treatment of 

10-15 minutes duration led to decrease in the level of fungal 

infection caused by Fusarium oxysporum, Alternaria 

brassicae, etc. The experiment conducted by Kordas et al 

(2015) demonstrated the exposure of winter wheat grain to 

low temperature plasma treatment resulted in the reduction 

in number of colonies of the fungi forming in the grain of 

optimum 10 seconds.

Effect on bacteria: In this experiment, Xcc is purified from 

the cabbages infected with black rot disease, then disposed 

in AC corona-discharge non-thermal plasma at atmospheric 

pressure to investigate the sterilizing effect. From the result, 

the sterilizing effect is obvious and it has a direct ratio with 

exposure time and corona current. Seed treatment by cold 

plasma in a reaction chamber to etch the surface of the seeds 

to remove surface materials, such as fungicides and 

insecticides, or to disinfect the surfaces without affecting the 

viability of live seeds was demonstrated by Denes et al 

(2003). Mitra et al (2014) concluded the effect of cold 

atmospheric plasma for the inactivation of surface borne 

microorganisms and resulted in increased germination of 

Cicer arietinum seeds. A significant reduction in natural micro 

biota attached to seed surface was observed when the seeds 

were treated for 2 and 5 minutes.Improved seed germination 

(89.2%), speed of germination (7.1 seeds/day), and 

increased seed vigour, beside a decrease in the mean 

germination time (2.7 days) compared with controls was 

observed. Jiafeng et al (2014) studied the effect of seed 

treatment by cold plasma for the resistance of tomato to 

Ralstonia solanacearum (Bacterial Wilt).Plasma treatment 

increased tomato resistance to Ralstonia solanacearum with 

an efficacy of 25.0%. Plasma treatment significantly 

enhanced both germination and plant growth in comparison 

with the control.

Cold plasma treatment is effective for decontamination 

of seeds, enhancement of seed germination, improved 

growth of plants and soil remediation. Seeds were pre-

treated with power of 100 W oxygen gas was used at base 

pressure of 0.05m bar, operating pressure of 0.2m bar, 

voltage of 500 V and current of 0.2A for treatment durations of 

0, 3, 6, 9, 12, 15 minutes. Along with plasma treatment, seeds 

were also treated with standard osmopriming method for 

comparison (Nalwa et al 2017). The plasma treatment alone 

as well as in combination with osmopriming up to 6 minutes 

plasma treatment was superior over all other treatments in 

terms of growth characters, fruit yield characters, seed yield 

characters (Fig. 3c). Osmoprimed seeds exposed with 6 

minutes plasma were found to be effective treatment for days 

to 50% flowering (45.33 days), fruit yield per plant (1.00 kg), 

ripe fruit yield per plant (830.35 g) and seed yield per plant 

(10.74 g).

Challenges 

Cold plasma treatment is a novel and smart solution for 

sustainable food consumption and global food security. 

Innovation with regard to food production is required to meet 

the emerging challenge of global food security. Plasma 

treatment is a fast economic method to improve the seed 

performance. The evidence presented here suggests that 

the germination properties of seed and the growth 

parameters of the seedlings are influenced by a variety of 

plasma treatments. It is only suited to seeds having hard 

seed coat to make it permeable and as the treatment is given 

it must be provided uniformly to all the seeds from all the 

sides to get the best results. This method is a recent seed 

enhancement technique and is not as popular as other 

enhancement techniques as, a result it is not much 

commercialized and is also expensive to the Indian farmers. 

CONCLUSION

Cold plasma treatment is a novel technology of seed 

quality enhancement. The non-thermal plasma of various 

gasses has shown remarkable enhancement of seed quality 

in various crops. This technology offers a colossal 

opportunity for the seed scientists and researchers. 

Research efforts need to be focused on its commercial 

application in agriculture. The studies reported in the review 

gives encouragement for future research and development in 

the use of cold plasma technology in the agriculture industry. 

The evidence presented here clearly suggests that the 

germination properties of seed and the growth parameters of 

the seedlings can be influenced by a variety of plasma 

treatments. It is an effective technology in improving seed 

germination rate. It enhances speed of germination in both 

normal and stress conditions. Seed surface enrichment and 

inactivation of seed pathogens. It is cost effective and 

ecologically sustainable.
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An Ergo-economical Study on Paddy Transplanting 
Methods in Kangra, Himachal Pradesh

Indian Journal of Ecology (2018) 45(4): 822-825

Abstract: Manual rice transplanting operation is one of the drudgery prone activities in paddy cultivation process. Mechanized farming is 

slowly picking up pace in the hilly state of Himachal. In the present study, mechanized transplanting of rice seedling was done by hill farm 

women through use of manually operated six row paddy transplanter and was compared for ergonomic aspects with conventional method of 

transplanting. There was not much difference in the anthropometric measurements of the subjects. Heart rate of the subjects at rest was 75 

beats/min which increased to value of 131 beats/min using six-row paddy transplanter. Subjects using traditional method of hand transplanting 

recorded resting value of 78 beats/min which soared to 114 beats/min during uprooting and transplanting of paddy seedlings. Majority of the 

respondents complained of wrist/hand pain and of back pain as well as stretching and tenderness in legs and thighs. The subjects were 

satisfied with the technology as it avoids bending postures which is required in  traditional method and also line sowing helps in promoting the 

use of mechanical weeders thereby reducing drudgery and cost during further weeding operations.
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Rice is cultivated in various countries and is the staple 

food of more than 50 per cent population of the world. India 

with highest area under the crop is the second largest 
thproducer of rice in the world after China but ranks 35  with 

respect to its productivity (Mohanty et al 2008). In Himachal 

Pradesh, rice is cultivated in ten of the twelve districts of the 

State with Kangra and Mandi districts alone accounting for 

71.2 percent of area and 69.7 per cent of production. There is 

a great diversity of agro-climatic conditions under which rice 

is cultivated and its cultivation extends from foot-hills (350 m) 

to high hills (upto 2200 m). In overall paddy cultivation 

process, manual rice transplanting operation is one of the 

drudgery prone and back- breaking activity. The farmers 

prefer transplanting than direct sowing of seeds. Generally 

the production increases 10-12 per cent in transplanting from 

direct sowing. Presently in India, transplanting of the paddy 

crop completely depends upon manual labour. Manual paddy 

transplanting is a labour-intensive operation comprising 

nursery raising, uprooting of the seedlings, transporting and 

transplanting the uprooted seedlings in the main fields, with a 
-1total labour requirement of about 250-320 man-hour ha  

(Jain and Philip 2003).

Though modernization of agriculture is taking place at a 

rapid pace, but the jobs attended by women remain more or 

less the same (Kishtwaria et al 2009). Women play a major 

role in the rice farming in Himachal Pradesh right from 

sowing, transplantation, harvesting, threshing and to post 

harvest processing. The overall participation of farm women 

in transplanting and related activities is 36.5 per cent 

(Mohanty et al 2012). Manual rice transplantation is a 

tedious exercise but women farm workers play a chief role in 

this activity throughout the world. Transplanting and 

associated activities shared 22.3 per cent of total time spent 

by farmers' family women and 45.6 per cent of women wage 

earners 

Manual rice transplanting demands high labour and 

directly associated with human drudgery. During various rice 

cultivation operations, agriculture workers suffer with high 

physical strain and fatigue. During transplanting, the workers 

adopt a strong bent posture in the muddy fields for a long 

time. The workers change their posture very frequently and 

suffer from musculoskeletal disorders during performing their 

jobs (Kar and Dhara 2007). Musculoskeletal disorders are 

common among farm workers especially lower and upper 

back disorders due to bending and squatting body posture in 

manual rice transplanting and uprooting activity. High labour 

demand during peak transplanting period adversely affects 

the timeliness of this operation, thereby reducing crop yield. 

To offset these problems, mechanical transplanting is the 

solution. Mechanical transplanting of rice is the process of 

transplanting young rice seedlings, which have been grown 

in a mat nursery, using a  rice transplanter. Keeping this in 

view, an attempt was made to compare economic cost and 

the ergonomic aspects of quantum of drudgery with 

conventional and mechanized method of paddy 

transplanting. 



MATERIAL AND METHODS

Growing of mat nursery/seedlings: During the period of 

June, paddy nursery of suitable varieties as per farmer's 

need was raised as mat nursery in their fields in three 

selected villages of district Kangra. Seedlings were grown on 

raised bed in iron frame compartment consisting of six 

rectangles of size- 22.5x15.0 cm. Ordinary plastic sheet was 

laid on the raised bed and the frame was kept on plastic 

sheet. A mixture of soil, farm yard manure (FYM) and sand 

was prepared in 4:1:1 proportion respectively and spread 

over the frame uniformly. Paddy seeds were spread evenly 

inside the compartment with seed rate of 90-100 g seed/mat 

followed by a thin layer of prepared soil. Water was sprinkled 

very frequently for few days. The mat type paddy nursery was 

ready for transplantation after 25-28 days i.e. in the month of 

July.

Preparation of the field for transplanting: The field was 

prepared with mould board plough and then it was flooded 

with water. After a period of 24 hours, the field was puddled 

thoroughly, levelled and left undisturbed for natural 

settlement of soil particles forming a relatively impermeable 

layer to retain water on the surface. A thin layer of water was 

maintained in the field for conducting the trial with manually 

operated paddy transplanter as well as for hand 

transplanting.

Transplanting of paddy seedlings and ergonomic 

evaluation: Paddy seedlings were transplanted by manually 

operated six row paddy transplanter and also by 

conventional method of hand transplanting. The ergonomical 

evaluation of six-row paddy transplanter operated by female 

agricultural workers was conducted in selected villages. Ten 

farm women subjects who had experience in paddy 

transplanting and were medically fit were randomly selected. 

Their height and weight was recorded with help of 

stadiometer and weighing balance. Age of the respondents 

was also noted. As operation of paddy transplanter involves 

backward stroke movement and dragging, involving arm and 

hands, so two main anthropometric measurements viz. 

elbow height and metacarpal-III height were also measured. 

The transplanter was loaded with seedlings mats and kept 

ready for the operation. The subjects were acclimatized with 

experimental protocol and asked to take sufficient rest before 

start of the operation. An equal number (n=10) of farm 

women were selected for conventional method of paddy 

transplanting for working out the economic cost and drudgery 

rate. 

Heart rate measurement: The subjects were allowed 

initially to rest and relax for 5-10 minutes silently. The heart 

rate was measured using polar heart rate monitor (model no. 

RS400). It consists of polar coded transmitter, elastic strap, 

wristwatch type receiver and interface. The sensor of heart 

rate monitor was appropriately fixed on the chest of the 

operator and its display was fixed on their wrist. The heart 
th thrate values at resting level and 6 to 15  minute of operation 

were recorded.

RESULTS AND DISCUSSION

During June, paddy nursery of suitable varieties as per 

selected farmer's need was raised as mat nursery in three 

villages of district Kangra. The nursery was raised with seed 

rate of 90-100g/mat in July.  After 25-28 days of period the 

seedling attained height of 14.4-21.6 cm with density of 4.5-
2   5.0 plants/cm and leaf stage of 3-4. The mat type paddy 

nursery was transplanted with manual operated six row 

paddy transplanter in the puddled fields. The manually 

operated six-row transplanter weighing 24.40 kg had 

dimensions of 102 cm x146 cm x 92.5 cm and can be 

operated by one person easily was used (Table 2). It plants 

the paddy seedlings with fixed fishing hook type fingers 

actuated by hand operated lever mechanism with row 

spacing of 20 cm.  It had two floats of size 102 x 16.5 cm. The 

overall seedling tray dimensions were 123 x 48 cm whereas 

Particulars Average value

Age of mat type nursery 25-28 days

Seed rate/mat, g 90-100
2Density plants/cm 4.5-5.0

Height of seedling cm 14.4-21.6

Leaf stage 3-4

Depth of puddling cm 12-15

Depth of standing water in the field cm 2.0-3.0

Table 1. Nursery and field condition at the time of transplanting

Details      Specifications

Type Manually operated six-row 
transplanter

Dimensions (L×W×H) 102cm x146cm x92.5cm

Weight 24.40 kg

Planting mechanism Fixed fishing hook type fingers 
actuated by hand operated lever 

No of rows Six

Row spacing 20 cm

Power source  One person

Effective width 104 cm

No of floats 2 

Float size 102 x 16.5 cm

Seedling tray dimensions  123 x 48cm 

Seedling frame dimensions 48 x 20 cm

Cost of transplanter Rs 8450/-

Table 2. Specification of paddy transplanter
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Observations Six-row paddy transplanter Hand transplanting Traditional

Method of nursery raising Mat-type Root wash Broadcasting

Time of transplanting 1 day after puddling 1 day after puddling -

Total numbers of seedling per hill 2 to 3 1 to 2 2 to 3

Depth of planting cm 3 to 4 2 to3

Hill to hill spacing cm 14 to 17 10-14 -

Row to row spacing cm 20 8-10 -

Missing hills % 7 to 8 Nil

Transplanting efficiency % 92 - -
-1Field capacity ha hr 0.032 0.01 0.16

-1Labour requirement man-hr ha 31 to 33 250 6.25
-1Cost of operation Rs ha 1240 10000 250

Saving in transplanting cost Rs/ha 8760 - 9750

Percent saving in transplanting cost % 85.8 - 97.4

Table 3. Comparative performance of paddy sowing techniques

Particulars Six-row paddy
 transplanter

Hand 
tranplanting

Age (yrs) 48 44

Weight (kg) 64 62

Height (cm) 155 147

Elbow height (cm) 99 97

Metacarpal-III height (cm) 69 64

HR rest (beats/min) 75 78

HR max (beats/min) 131 114

Table  4. Physiological parameters (mean value) of selected 
subjects 

compared to former. However, after a period of time, they 

could easily carry out the mechanized paddy transplanting 

activity, smoothly and efficiently. The transplanter enabled 

women to avoid adopting the bending posture in repetitive 

motion required in the traditional method. All the respondents 

complained pain during manual transplanting and uprooting 

activities. Majority of the respondents complained of 

wrist/hand pain and of back pain as well as stretching and 

tenderness in hips and thighs. 

CONCLUSION

The subjects were satisfied with the technology as it 

avoids bending postures which is required in  traditional 

method and also line sowing helps in promoting the use of 

mechanical weeders thereby reducing drudgery and cost 

during further weeding operations. The technology was new 

to the farmers. They were quite receptive in adoption of paddy 

transplanter for cultivation as one person could cover a large 

area without bending. There is a dire need to create 

awareness about the use of mechanized method of paddy 

transplantation, among the hill farmers, who are usually 

involved in conventional and manual method of transplanting.

of seedling frame in which mats are adjusted were 48 x 20 

cm. The cost of the transplanter was worked out as Rs 8450.

The planter could successfully plant paddy seedlings at 

20 cm row to row spacing and 14-17 cm hill to hill spacing 

(Table 3).  The transplanting efficiency was 92 percent  and 

field capacity of the planter was observed to be 0.032ha/h. 

The labour requirement was about 31-33 man/hr/ha. The 

cost of operation of paddy transplanter was Rs 1240/ha. A 

comparative performance of paddy transplanter was done 

with conventional hand-transplanting and broadcasting 

methods. The values for broadcasting methods include only 

the sowing activity. Rice is sown either by direct seeding, 

known as broadcasting or by transplanting. 10 to 12 per cent 

higher yield is obtained from transplanted rice than direct 

seeded rice (Mohanty et al 2012). Age and anthropometric 

assessment of female agricultural workers selected 

randomly for ergonomical evaluation of six- row paddy 

transplanter was worked out (Table 4). There was not much 

difference in the anthropometric measurements of the 

subjects. Heart rate of the subjects at rest was 75 beats/min 

which increased to value of 131 beats/min using six-row 

paddy transplanter. Subjects using traditional method of 

hand transplanting recorded  78 beats/min which soared to 

114 beats/min during uprooting and transplanting of paddy 

seedlings. Physiological response parameters changes due 

to work and represents the level of fatigue or comfortness in a 

comparative way and according to these how much the 

workers can work efficiently. The subjects in the study were 

operating the transplanter for the first time. Apprehension 

and adaptability in its operation and pull force required for 

dragging transplanter over puddled fields resulted in 

increase in heart rate over conventional method. The female 

subjects were more habituated to transplanting by hand 

therefore the increase in heart rate was at lower level 
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Competitive Ability and Neighbor Relation of Parthenium 
hysterophorus with Crotalaria striata

Indian Journal of Ecology (2018) 45(4): 826-830

Abstract: The growth of an obnoxious weed, Parthenium hysterophorous was observed in competition with a large herbaceous legume 

Crotalaria striata under two light intensity regimes in order to test the effect of a legume of grassland over a problematic weed of the region. The 

association of each of the common legumes with leguminous and non- leguminous neighbor was evaluated. However, inhibition of this 

noxious weed by C. striata in laboratory as well as field condition was a manifestation of natural ecological control of this species by a non- 

harmful nitrogen- fixer. There is no mode of asexual reproduction in this species except for occasional sprouting from stumps. Introduction of 

suitable indigenous species like C. straita may control the overgrowth of P. hysterophorous.
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Invasion of native ecosystems by exotic species is a 

well- known phenomenon. Of these invader species, 

Parthenium hysterophorous a native to subtropics of North- 

and South America is the most obnoxious weed of natural 

vegetation of north- eastern Uttar Pradesh. Drastic changes 

in micro-environment apparently prevent the establishment 

of native species and aggressive invaders monopolize the 

environment under such situations (Buhler 2002). The 

invasive species often possess speci?c spreading dynamics 

such as a tendency to escape from natural predators and the 

ability to occupy vacant niches (Keane and Crawley 2002) 

and  are invading rapidly in the new habitats around the globe 

in the present century and as a result homogenization of the 

native plant species (Strayer et al 2006). The invasion by 

noxious plants disturb the structure and composition of the 

plant community on a large scale and a as result pose 

pressure on the entire ecosystem  The threat to biodiversity 

due to invasive alien species is considered second only to 

that of habitat destruction (Raghubanshi et al 2005). The 

ability of Parthenium to grow in a wide range of habitats, 

strong reproductive and regenerative capacity, persistent 

seed bank, and its allelopathic potential make its 

management difficult (Dhileepan and Strathie 2009). The 

invasive have the potential to spread too many more regions, 

and it causes immeasurable ecological and agricultural 

losses each year (Adkins and Shabbir 2014). In a given 

community, probably the association and competition of 

commonly occurring species may effects its diversity 

attributes. Two species are said to be competing, if 

population of each adversely affect the growth of the other in 

struggle for common resources. Plant competition has 

usually been studied by fitness related traits of different 

annuals of grasslands and meadows that are grown in 
 experimentally manipulated mixtures (Gioria and Osborne 

2014). Parthenium competes directly with pasture species, 

reducing pasture vigour and seed set leading to habitat and 

ecosystem change (O'Donnell and Adkins 2005). A large 

herbaceous species of Crotalaria which characterise the 

composition of grassland and old field communities was 

observed to have very few or no individuals of Parthenium in 

its close neighbourhood zone. Replacement by other species 

may offer a potential solution, but studies are scarce. 

Competitive displacement of Parthenium weed aimed at 

assessing the value of competitive plants used to displace 

the weed in core infestations. Therefore, the present 

experimental study attempts to observe the outcome of 

competition of Parthenium hysterophorous and Crotalaria 

striata grown in pot culture in a replacement series at two 

different light intensity regimes. 

MATERIAL AND METHODS

Pods of C. striata and capitula of P. hysterophorous 

were collected from normally growing plants of the two 

species after maturation during the survey and analysis of 

grassland communities. Water soaked seeds were sown 

within nursery beds at 0.5 cm depth in experimental garden 
stduring 1  week of june. After one month seedling of 2-3 leaf 

stage were transplanted from seed bed to pots filled with 



garden soil. Four seedling per pot were grown intermixed at 

almost similar interplant distances in varying combinations 

from 0- 4 individuals of C. striata (C) and 4 to 0 individuals of 

P. hysterophorous (P) in replacement series as C P , C P , 0 4 1 3

C P , C P  and C P . The first set of 30 pots having five above 2 2 3 1 4 0

mentioned density combinations, each replicated 3- times 

were kept in open (> 25,000 lux) and other set was kept by the 

side of a wall which received only 2 hours and remain shaded 

(~ 2,500 lux) for rest of the day. Thus a total 60 pots were 

observed for the competitive growth performance of two 

species. The light intensity was measured by an 

illuminometer (Kyortisu 5200) on a sunny day when the sun 

was overhead. Each pot was properly watered during whole 

of the experimental period. The total leaf area per plant and 

their distribution at different branch order was derived with 

the help of correction factor developed between actual leaf 

area and the product of maximum length and breadth of 

leaves of different shape and sizes. The first harvesting was 
thdone on 30  August after 3- months of seed sowing. A total 30 

pot cultures, 3 from each of the two light regimes were picked 

up randomly. The harvested individuals were segregated into 

different compartments to estimate the oven- dried biomass 

of root, shoot and leaves. After 6- month of growth when 

plants reached flowering stage, the second harvesting was 

done for the remaining 30 pot cultures. The biomass was 
oestimated after drying the plant parts at 80± 2  C to constant 

weight. 

For the analysis of spatial or neighbourhood 

relations, the plant's eye view approach of was adopted. 

Hardwire circle of 10 and 20 cm radius was used for 

delimiting two different neighbourhood zones. A target 

legume in the centre of circle was considered as reference 

point and individuals of other species within the circle as 

neighbours. For target legume, three growth stages were 

considered. The distance of nearest neighbor and density of 

different neighbor species within the two neighbourhood 

zones were recorded. 

RESULTS AND DISCUSSION

Competition of a legume with weed: The inhibitory effect of 

C. striata  over the height growth of P. hysterophorous was 

explicit in open as compared to that under partially- shaded 

condition. Though the height growth was better in open for 

both the species, the inhibitory effect of the legume over P. 

hysterophorous was more clear and significant in pots having 

C P  combination followed by C P  one but only in open 3 1 2 2

condition. Under partial shade, the inhibition of C. striata over 

P. hysterophorous was evident only in C P  combination. In 3 1

open condition, the presence of even a single individual of C. 

striata proved inhibitory on the height growth of the weed but 

it was not so under partial shade. Thus, light regime played 

significant role in determining the extent of suppression of the 

weed by C. striata in mixed culture.  The competitive ability of 

these two species suggests that C. striata may be superior 

inhibitor in light condition as height of P. hysterophorous 

decreased with increase in density of C. striata in open 

condition but such effect was not significant in shaded 

condition. The leaf area per plant of P. hysterophorous 

increased during growth phase but latter decrease rapidly. 

Tilman (2004) concluded that an individual tradeoff for 

capturing resources is dictated by number and proximity of 

neighbours already capturing resources. In full light or open 

condition, a decrease in leaf area of P. hysterophorous was 

across different density combinations. In C P  and C P  3 1 2 2

combinations, P. hysterophorous showed increase in its leaf-

area during earlier observations upto 135 days beyond which 

no further increase was observed. In above combinations, 

the increase in leaf- area of C. striata was more rapid after 90 

days of growth and was almost complete within a month. 

Further, the increase was very slow. In C P  combination, 1 3

however, the individuals of C. striata showed steady increase 

in leaf-area upto 150 days. P. hysterophorous showed no 

such increase during the last phase of growth. Under partial 

shade, the inhibitory effect of legume on P. hysterophorous 

was clear in C P  and C P  combinations. It was not as 3 1 2 2

significant as in open condition. In C P  combination, the 1 3

individuals of C. striata showed leaf area increase upto 135 

days but the leaf area of P. hysterophorous was greater than 

that of legume.  

In open, the biomass of P. hysterophorous decreased in 

all the three density combinations. This inhibition was 

however, more in C P  and C P  combination. Under partial 3 1 2 2

shade, the biomass of C. striata was although greater in 

C P and C P  combination but it gradually decrease with 3 1 2 2

increasing density of P. hysterophorous. It was clearly 

evident in C P  combination (Table 1). The per plant biomass 1 3

of C. striata increased gradually with increase in its density 

per pot in open condition but such trend was not noticed in 

C P  combination (Table 2). The latter was true also partial 3 1

stshade condition in all the combinations. After 1  harvest, 

allocation towards root biomass was greater in both the 

competing species in open condition. Under partial shade, 

however, P. hysterophorous allocated much more biomass 

towards leaf. The biomass at second harvest, C. striata also 

allocated greater biomass towards inflorescence. The paired 

t- test between dry weight (g/plant) after 90 days and after 

150 days of growth of two competing species showed 

significant different at any density combinations under open 

light regimes (Table 3).
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Weed species Density (Plants per pot)

C P4 0 C P3 1 C P2 2 C P1 3 C P0 4

Open

Crotalaria striata Root 2.3 ± 0.35 3.20 ± 0.28 3.3 ± 0.14 2.9 ± 1.56 --

Stem 1.5 ± 0.71 1.6 ± 0.85 1.5 ± 0.71 1.1 ± 0.42 --

Leaf 1.6 ± 0.57 2.2 ± 1.40 1.3 ± 0.14 1.0 ± 0.42 --

Total 5.8 ± 1.3 7.1 ± 1.6 6.1 ± 0.9 4.8 ± 1.1

Parthenium hysterophorous Root -- 2.5 ± 0.85 1.5 ± 0.57 2.0 ± 1.27 3.1 ± 0.14

Stem -- 1.1 ± 0.28 0.9 ± 0.42 0.8 ± 0.38 2.5 ± 0.71

Leaf -- 2.1 ± 0.14 1.1 ± 0.28 1.0 ± 0.57 2.0 ± 0.57

Total 6.1 ± 0.7 3.1 ± 0.6 2.7 ± 0.5 7.0 ± 0.4

Partial shade

Crotalaria striata Root 2.1 ± 1.3 2.0 ± 0.8 2.1 ±0.9 1.2 ±0.6 --

Stem 1.1 ± 0.1 2.1 ± 0.40 1.3 ± 0.9 1.0 ± 0.6 --

Leaf 0.9 ± 0.45 1.9 ± 0.4 0.8 ± 0.4 0.7 ± 0.1 --

Total 4.3 ± 0.6 5.7 ± 0.5 4.1 ± 0.7 2.8 ± 0.4

Parthenium hysterophorous Root -- 0.5 ± 0.14 1.0 ± 0.6 2.2 ± 1.4 2.5 ± 1.30

Stem -- 0.7 ± 0.14 0.8 ± 0.6 2.1 ± 1.5 2.6 ± 1.30

Leaf -- 1.3 ± 0.6 0.9 ± 0.1 2.5 ± 0.42 2.1 ± 0.14

Total 2.2 ± 0.3 2.7 ± 0.4 6.7 ± 1.1 7.3 ± 0.8

Table 1. Dry weight (g/plant) after 90 days of growth of legumes (Crotalaria striata) and the weed (Parthenium hysterophorous) 
in different density combinations under two different light regimes (Average ± SD).

Numerical strength between Crotalaria striata (C): Parthenium hysterophorous (P) plants were 4:0, 3:1, 2:2, 1:3 and 0:4

Weed species Density (Plants per pot)

C P4 0 C P3 1 C P2 2 C P1 3 C P0 4

Open
Crotalaria striata Root 4.5 ± 0.71 3.5 ± 0.70 6.5 ± 0.70 7.0 ± 1.40 --

Stem 4.9 ± 2.10 5.5 ± 0.72 8.0 ± 2.80 8.1 ± 2.90 --
Leaf 4.7 ± 0.71 5.3 ± 0.42 5.2 ± 0.28 6.0 ± 1.40 --
Inflorescence 1.1 ± 0.30 0.9 ± 0.14 2.5 ± 0.63 2.1 ± 1.3 --
Total 14.5 ± 1.3 14.2 ± 0.8 20.5 ± 1.2 24.2 ± 1.7

Parthenium Root -- 1.1 ± 0.14 2.0 ± 0.71 2.2 ± 1.50 6.0 ± 1.4
Stem -- 3.9 ± 1.30 2.0 ± 0.71 2.9 ± 1.50 5.0 ±1.40
Leaf -- 1.9 ± 0.37 2.2 ± 1.20 1.3 ± 1.10 3.1 ± 0.14
Inflorescence -- 0.3 ±0.15 0.4 ± 0.12 0.5 ± 0.06 0.4 ± 0.17
Total 7.8 ± 1.3 6.6 ± 0.8 6.4 ± 0.7 13.8 ± 0.5

Partial shade
Crotalaria striata Root 3.5 ± 2.10 3.0 ±0.42 4.0 ± 1.4 3.9 ± 1.30 --

Stem 3.2 ± 1.10 4.9 ± 0.56 5.1 ± 1.60 4.2 ± 1.70 --
Leaf 2.9 ± 1.30 3.2 ± 1.40 2.7 ± 1.80 3.1 ± 0.14 --
Inflorescence 0.9 ± 0.45 0.7 ± 0.11 0.6 ± 0.21 0.5 ± 0.06 --
Total 9.7 ± 1.2 11.8 ± 0.5 12.5 ± 1.1 11.8 ± 0.6

Parthenium Root -- 1.2 ± 0.28 1.1 ± 0.14 3.2 ± 0.21 2.7 ± 0.86
Stem -- 2.7 ± 0.40 1.9 ± 0.32 4.0 ± 1.40 4.1 ± 0.14
Leaf -- 2.1 ± 1.30 2.01 ± 1.14 3.2 ± 1.4 3.7 ± 0.71
Inflorescence -- 0.3 ± 0.13 0.2 ± 0.11 0.3 ± 0.12 0.3 ± 0.05
Total 6.1 ± 0.6 5.7 ± 0.4 10.6 ± 0.8 10.3 ± 0.1

Table 2. Dry weight (g/plant) after 150 days of growth of legumes (Crotalaria striata) and the weed (Parthenium 
hysterophorous) growing in different density combinations under two different light regimes (Average ± SD)

Numerical strength between Crotalaria striata (C): Parthenium hysterophorous (P) plants were 4:0, 3:1, 2:2, 1:3 and 0:4
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Compartments Density (Plants per pot) after indicated days

C P3 1 C P2 2 C P1 3

90 days 150 days 90 days 150 days 90 days 150 days

Open

Root 1.94 7.73* 7.35* 74.26* 11.69* 13.11*

Stem 1.34 6.78* 1.5 7.33* 2.91 5.93*

Leaf 0.93 116.1* 6.53* 4.02 0.001 11.33*

Inflorescence 5.91* -- 5.93* -- 3.98

Total -1.6 5.9* -7.3* 11.72* 1.64 6.85*

Partial shade

Root 3.94 18.04* 4.02* 6.16* 4.72* 1.19

Stem 7.60* 25.18* 2.30 7.99* 1.99 0.83

Leaf 2.40 19.01* 0.25 1.88 -6.19* -1.36

Inflorescence 31.91* -- 6.16* -- 4.77*

Total -39.31* 10.34* 2.11 4.73* -33.01* 1.69

Table 3. Paired t- test between dry weight (g/plant) after 90 days and a 150 days of growth of legumes (Crotalaria striata) and 
the weed (Parthenium hysterophorous) growing in different density combinations under two different light regimes

*Values are significant at < 0.01P level)

Interference in old-fields: C. striata showed a inhibitory 

effect on P. hysterophorous in its close neighbourhood. This 

effect became more conspicuous with the maturation of 

target legume. The neighbor relation of C. striata with 

reference to number of individuals of P. hysterophorous in 

five neighbourhood zones at three different growth stages. C. 

striata in its close neighbourhood zone (circle of 50 cm 

radius) showed few individuals of P. hysterophorous during 

its seedling stage but the number increased significantly 

beyond this zone. The total biomass increment of C. striata 

was more than that of P. hysterophorous for pots kept in open 

as well as under partial shade. Working on a closely similar 

genera of Crotalaria Mahadevappa et al (2001) reported that 

P. hysterophorous growing amidst Crotalaria sericea 

weighted as low as half as compared to those growing in 

places where there was no influence of this species. The 

reproductive allocation of both the species was greater in 

open as compared to shaded condition. Xie et al (2014) 

documented that the reproductive efforts should decrease 

under shaded condition as more emphasis is given for 

survival of plants. The number of capitula was lesser for P. 

hysterophorousin mixed culture. The competition is also 

known to reduce flowering in plants (Vila` and Weiner 2004). 

At full vegetative stage, no individuals of P. hysterophorous 

occurred within the closest neighbourhood zone. It occurred 

only beyond the first closest zone. At full growth (flowering 

and fruiting) stage the individuals of P. hysterophorous were 

absent within circular neighbourhood zone of 1m radius. In all 

the above neighbourhood analysis, the number of P. 

hysterophorous could increase but only beyond certain zone 

encircling the target individuals of C. striata.

CONCLUSION

For the long-term successful weed management it is 

necessary to change our traditional approach. Rapid growth 

and multiplication through an effective utilization of 

environmental resources in open habitats are the key 

strategy attributes contributing to the success of Parthenium. 

It is a weak competitor as evidenced by the simple fact that it 

failed to establish in any area where there was a plant having 

close and dense canopy. The C. straita was highly effective in 

the management of P. hysterophorus. Total biomass 

increment of C. straita was more than that of P. 

hysterophorus for pots kept in open as well as under partial 

shade and the reduction in dry weight/ plant of P. 

hysterophorus was noticed in mixed culture as compared to 

that in pure culture. Therefore understanding weed-crop 

ecology will lead to more effective weed prevention, 

management, and control through a full range of factors 

regulating weed density, growth and competitive ability.
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 Effects of Different on Soil Carbon and Nitrogen 
Dynamics in Zunheboto District of Nagaland, Northeast India

Land Use 

Indian Journal of Ecology (2018) 45(4): 831-834

Abstract: Land use change are considerably affecting organic carbon and biochemical properties of soil, however, information on how such 

conversions affect soil carbon and microbial properties in Nagaland University Campus of Zunheboto District is scanty. Soil carbon, microbial 

biomass carbon (MBC) and nutrients were studied in four selected types of land uses: regenerating forest (RF); home garden (HG); shifting 

cultivation (SC); Pinus khasiana plantation (PKP) of Nagaland. Results showed maximum BD in PKP followed by SC, HG and RF. The other 

soil parameters like soil moisture (SM), OC, TN, avail N, avail P, avail K and microbial C were in order: RF>HG>SC>PKP. Significantly (p<0.05) 

positive correlation was recorded among soil factors in these sites. Microbial C showed a positively significant (p<0.05) correlation with TN, OC 

and avail K in all the sites. In conclusion, our results indicate that land uses like PKP and SC may lead to a reduction in SOC and MBC along 

with a decline in the substrate utilization efficiency of the microbial community in the soil compared from RF and HG. Enhance trees along with 

grass, intercropping, hedgerows are recommended to maintain soil fertility status and mitigating negative impacts of land conversions due to 

increased soil erosion. 

Keywords: Land use systems, Soil carbon and nitrogen, Northeast India
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Soil productivity and sustainability depends on its 

physica l ,  chemicals  and b io logica l  proper t ies 

(Somasundarum et al 2013 and these properties are 

influenced by land uses which help in restoring soil quality 

(Deekor 2012). Researchers across the world have 

documented the effect of different land uses on soil 

properties and evaluated the sustainability of land use 

systems. Conversion of natural forest into various land uses 

like cultivation, plantation, home gardens etc are usually 

accompanied by declining  soil organic carbon (SOC) and 

deterioration of soil structure. The level of SOC and nutrients 

are higher in undisturbed secondary forest compared to 

adjoining road side plantations (Offiong et al 2009). 

Therefore, proper knowledge on the effect of different land 

use on soil properties are necessary to sustains various 

agricultural productions.

Generally, the soils of northeastern India are acidic in 

nature and less fertile mainly because of soil erosion through 

runoff losses. Land use induced erosion affects soil physical 

and chemical properties especially soil aggregates, SOC and 

nutrient availability (Tripathi et al 2008, Han et al 2010). 

Proper land use management and water conservation 

strategies are require to minimize the effect of land use and 

land cover changes on soil properties and to reduce the soil 

erosion problems at different scales (Kumar et al 2013). 

However, information on the effect of land use systems on 

  )  

soil properties in the study site is highly limited. With this 

above background, the present study was carried out to 

evaluate the impact of land uses on soil physical, chemical 

and biological properties in different land use systems in 

Nagaland University, Lumami village, Nagaland.

MATERIAL AND METHODS
0 0Site description: Nagaland University (94 09' E, 25  72' N) is 

located at Lumami village , Nagaland State, India. The 

climate is mild and generally warm and temperate. The 

summers have much more rainfall compared to winter 

season. The mean annual temperature across the year is 
018.6 C and the total annual rainfall is 2039 mm. The July and 

January are the hottest and the coldest months of the year, 

respectively. Soil formation depends upon parent materials, 

climate and vegetations. Soils are generally acidic, rich in 

organic carbon but poor in available phosphorus and potash 

content. The forest of the study site is characterized by mixed 

deciduous and evergreen types. 

The study was conducted with four different land-use 

systems which were selected after surveying the area with 

the villagers. The selected sites were: regeneration forest 

(RF), home garden (HG), shifting cultivation (SC) and Pinus 

khasiana plantation (PKP). The above sites were selected to 

check the physico-chemical and biological properties of soil 

and to know fertility rate and productivity in different land-use 



system. The soil textures are loamy to sandy loam in nature. 

The soil moisture (SM) varied from 24-46% in different land 

use systems with maximum in RF and minimum in PKP. The 

dominant tree are Schimi wallichi, Artocarpus lakoocha, 

Pinus khasiana, Ficus oligodon, Bambusa species .

Soil sampling and analysis: The soil sampling was carried 

out in June 2018 and soil samples of about 100-150 g were 

collected from the upper soil (0-10 cm) layer from five random 

locations and composited to one. Composited soil sample 

were enclosed in polyethylene bags and were divided into 

two parts, one part was used a fresh to determine soil 

moisture, available nitrogen (NO -N and NH -N) and 3 4

microbial carbon (MBC) and other part was air-dried and 

used for the analysis of organic carbon (OC), total nitrogen 

(TN), available phosphorus (P), available potasssium (K) and 
-3pH. Soil bulk density (BD, g cm ) was measured using a 

metallic tube of known inner volume to determine the dry 

weight of a unit volume of soil. Soil pH was measured in a soil-

water suspension (1:2.5 w/v H O) using a digital pH meter. 2

Gravimetric soil moisture was estimated as described by 

Anderson and Ingram (1993). OC and N were determined by 

Heraeus CHN-O-S Rapid Auto-analyzer employing 

Sulphanilamide (C H N O S) standard. Bicarbonate avail P 6 8 2 2

was estimated using ammonium molybdo-blue color method 

(Allen et al 1974). Avail K was determined using flame 

photometer. MBC content of the soil was determined by 

chloroform fumigation method (Vance et al 1987). All 

statistical analysis wascarried out by SPSS version 16.00 

(USA).

RESULTS AND DISCUSSION

Soil physico-chemical and biological properties in 

different land-use systems: Marked variations were 

observed in the amount of soil carbon and nutrients in 

different land uses in the present study (Table 1). The 

maximum amount of soil carbon and available nutrients were 

observed in RF followed by HG, SC and PKP. Previous 

studies reported that soil carbon rapidly decreases when 

natural forest was converted to plantation and agriculture 

land use (Saggar et al 2001, Xiangmin et al 2014). During the 

course of ecosystem development, changing pattern of plant 

and soil microbes play an important role in increasing the 

amount of stored soil organic carbon and nutrients (Singh et 

al  2015). During this process, enhanced addition of root and 

leaf litter input play a vital role in maintaining soil carbon on 

forest floor (Wapongnungsang et al 2017, Lalnunzira and 

Tripathi 2018). The amount soil carbon depends on the 

balance between carbon input and release due to 

decomposition. During the course of decomposition, dissolve 

carbon and available nutrients fuel soil microbes and 

supports plant growth during succession (Sarkar et al 2015). 

Since annual input of carbon to agricultural soil is 

considerably lower than that of forest soil, and, the total 

carbon is rapidly lost from the agriculture soil. Reduced 

amount of soil nutrients in PKP compared to RF and HG in the 

present study reflect slow decomposition of low quality 

conifer litter and reduced release of organic matter input in 

PKP. 

The soil texture was loamy-sandy loam from PKP to RF. 

This might be due to the influence of the soil nutrients 

particularly bio-geochemical cycles of soil C which leads to 

major soil organic accumulation (Lal 2005). Soil pH (3.5-4.6) 

was acidic in nature that reflect the characteristics of 

northeastern hilly region which could be due to the additions 

of more alkaline cations during the course of organic matter 

decomposition (Granged et al 2011, Wapongnungsang et al 
-32017). The soil BD (1.2-.67 g cm ) significantly decreased 

from RF to PKP that could be due to the higher buildup of 

organic matter content in the forest floor (Biswas et al 2012, 

Lalnunzira and Tripathi 2018). The wide gap in carbon 

storage increased from PKP to RF fallow stands could be 

regarded as rapid carbon buildup as a result of vegetation 

growth and development (Chaplot et al 2010). The soil 

nutrients OC (0.9-2.3%), TN (0.06-.11%) avail P (4.4-14.3 mg 
-1 -1kg ), avail K (245-301 kg ha ), NH -N (36-54%), NO -N (29-4 3

46%) content enhanced soil availability from PKP to RF. 

Weakening of soil nutrients from the topsoil can also be 

attributed to leaching loss caused by heavy rainfall which 

Sites SM
(%)

pH TOC
(%)

TN
(%)

Avail P
-1)(mgkg

Avail K
-1(kgha )

NH -N (mg 4
-1kg )

NO -N (mg 3
-1kg )

MBC
-1 -1(ug  g )

RF a46 a4.6 a2.3 a0.11 a14.3 a301 a54.4 a46.3 a576.0

HG b35 b4.3 b2.0 a0.09 b8.9 b285 a51.0 b38.7 b487.0

SC c28 c3.9 c1.7 a0.08 c6.3 c268 b47.5 c32.4 c431.0

PKP d24 d3.5 d0.9 b0.06 d4.4 d245 c36.4 d29.4 d408.3

Table 1 Changes in soil physico-chemical and biological properties in different land use system, Nagaland University, 
Lumami, Nagaland

. 

Note: - RF- Regeneration forest; HG- Home garden; SC-Shifting cultivation; PKP- Pinus khasiana plantation. Different small letters indicates significant 
differences among sites
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leads to rapid weed growth (Wallbrink et al 2005) as a 

common phenomenon in bare land, jhum fields across 
-1 -1Northeast India. Microbial C was highest in RF (576 µg  g ) 

-1 -1and lowest was recorded in PKP (408 µg  g ) may be due to 

the greater accumulation of soil carbon as result of addition of 

root and leaf litter in the study site .

Correlations among different soil parameters in different 

study sites: Strong correlation in different soil parameters 

was observed in RF than SC, HG and PKP sites. In RF, most 

of the soil nutrients were positive significantly correlated with 

each other. The degree of correlations and the number of 

nutrients showing correlations decreased in SC, HG and 

PKP site. Number of factor have been suggested to explain 

the land use effects on soil microbial biomass, studied 

showed a close correlation between MBC and SOC or TN as 

most of the microorganisms are heterotrophic and thus, their 

distribution and biological activity depends on organic matter 

(Yang et al 2010, Xiangmin et al 2014). MBC was found 
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Fig. 1. Climate data of the study site showing total monthly rainfall (mm), mean monthly temperature 
(°C) and mean monthly relative humidity (2017-2018)

SM pH OC TN Avail P Avail K NH -N4 NO -N3

pH 0.74*

OC 0.78** 0.87**

TN 0.73* 0.92** 0.93**

Avail P 0.85** 0.91** 0.91** 0.93**

Avail K 0.78** 0.97** 0.95** 0.93** 0.94**

NH -N4 0.74* 0.92** 0.91** 0.86** 0.82** 0.93**

NO -N3 0.79** 0.79** 0.79** 0.84** 0.82** 0.78** 0.78**

MBC 0.80** 0.84** 0.83** 0.82** 0.93** 0.84** 0.80** 0.87**

Table 2. Correlation coefficients (r) among different soil parameters in different land-use system 

Values in asterisk (**) signifies P<0.01; (*) P<0.05.

positive significantly correlated with other soil nutrients in 

different sites. This reflected that microbial population 

develops immediately after the extreme micro-climatic 

conditions caused by the removal of vegetation at the site to 

speed up the process of recovery which later declined when 

the other factors like N became more important at later stage 

of development (Lalnunzira 2017) (Table 2).

CONCLUSION

The different land use systems have significantly 

affected soil physical environment and availability of 

nutrients in the soil. Soils under long periods of natural 

vegetation led to positive changes in soil physical and 

chemical properties. The regeneration forest maintains bulk 

nutrient capital in the soil that was adequately balanced by 

the pulse release of nutrients through decomposition 

processes to support high production. The process of forest 

destruction due to human disturbances exerts negative 
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impacts on the accumulation of forest litters and their 

inherent quality to cycle C and nutrient in soils due to loss of 

plant biomass. Regenerating forests produces greater 

nutrients compared to plantation site which exploit limited 

nutrients from greater soil volume and add substantial 

amount of organic matter and nutrients to the soil through 

their rapid turnover rates (<1 year) that leads to accelerate 

the process of recovery at these sites.Soil moisture and MBC 

appear to be the major determinant of forest growth. The 

quantity and quality of litter types play a significant role in 

secondary succession in Mixed Deciduous Forest of Lumami 

village, Nagaland, northeaster India.

REFERENCES

Allen SE, Grimshaw, Parkinson ÇÌ and Quarnby JAC 1974. 
Chemical analysis of ecological material (Oxford: Blackwell).

Anderson JM and Ingram ISI 1993. Tropical Soil Biology and Fertility 
nd- A Handbook of Methods. 2 edn. CAB International, 

Wallingford, UK.

Arunachalam A, Pandey HN, Tripathi RS and Maithani K 
1996.Biomass and production of fine and coarse roots during 
regrowth of a disturbed subtropical humid forest in north-east 
India.Vegetation 123: 73-80.

Biswas A, Alamgir M, Haque SMS and Osman KT 2012. Study on 
soils under shifting cultivation and other land use categories in 
Chittagong Hill Tracts, Bangladesh. Journal of Forest Research 
23(2): 261-265.

Chaplot V, Bouahom B, Valentin C 2010. Soil organic carbon stocks 
in Laos: spatialvariations and controlling factors. Global 
Change Biology 16: 1380-1393.

Deekor TN 2012. Changes in soil properties under different land use 
covers in parts of Odukpani, Cross River State, Nigeria. Journal 
of Environmental Ecology 3: 2157-6092.

Fesha IG, Shaw JN, Reeves DW, Wood CW, Feng Y, Norfleet ML and 
van Santen E 2002. Land use effects on soil quality parameters 
for identical soil taxanomy P 24-26. In E. van Santen (ed.) 
Making Conservation Tillage Conventional: Building a Future 

thon 25 Years of Research. Proc. 25  Ann. Southern Conserv. Till. 
Conf. Sust. Agric., Auburn. Special Report no. 1. Alabama Agric. 
Expt. Stn. and Auburn University, AL 36849. USA.

Granged AJP, Zavala LM, Jordan A and Moreno GB 2011. Post-fire 
evolution of soil properties and vegetation cover in a 
Mediterranean heathland after experimental burning: A 3-year 
study. Geoderma 164: 85-94.

Han KH, Ha SG and Jang BC 2010. Aggregate stability and soil 
carbon storage as affected by different land use practices.. In 
Proc. Int. Workshop on Evaluation and Sustainable 
Management of Soil Carbon Sequestration in Asian Countries. 
Bogor, Indonesia Sept. 28-29. Pp 113–124

Kumar KS, Aier B, Khunduri VP, Guatam PK, Singh D and Singh SK 
2013.Assesment of soil nutrients (N,P,K) status along with tree 
diversity in different land use system at Mokokchung, 
Nagaland, India. Science Vision, Mizoram University .

Lal R 2005. Forest soils and carbon sequestration. Forest Ecology 
and Management 220: 242-258.

Lal R 1996. Deforestation and land-use effects on soil degradation 

and rehabilitation in Western Nigeria. I. Soil physical and 
hydrological properties. Land Degradation and Development 7: 
19-45.

Lalnunzira C 2017. Structural and functional properties of leaf, fine 
root and soil in secondary successional forests following stone 
mining in relation to a reserve forest in Mizoram. Ph.D. thesis 
Mizoram University.

Lalnunzira C and Tripathi SK 2018. Leaf and root production, 
decomposition and fluxes of carbon and nitrogen during stand 
development in tropical moist forests of northeast India. Soil 
Research (In press).

Offiong RA, Atu JE, Njar GN and Iwara AI 2009. Effects of land use 
change on soil physicochemicalproperties in a South-Southern 
Nigeria. African Journal of Environmental Pollution Health 7: 
47-51. 

Sarkar D, Meitei Ch B, Baishya LK, Das A, Ghosh S, Chongloi KL and 
Rajkhowa DJ 2015. Potential of fallow chronosequence in 
shifting cultivation to conserve soil organic carbon in northeast 
India. Caten 135: 321-327.

Saggar S, Yeats GW and Shepherd TG 2001. Cultivation effect on 
soil biological properties, micorfauna and organic matter 
dynamics in EutricGlaysol and GleyicLuvison soils in New 
Zealand. Soil and Tillage Research 58: 55-68. 

Singh Sh B, Mishra BP and Tripathi SK 2015. Recovery of plant 
diversity and soil nutrients during stand development in 
subtropical forests of Mizoram, Northeast India. Biodivesritas 
16: 205-212.

Somasundaram J, Singh RK, Parandiyal AK, AliS, ChauhanV,  
Nishant K,  Sinha, Lakaria, BL, Saha R, Chaudhary RS, 
Vassanda M, Coumar 2012. Soil properties under different land 
use systems in parts of Chambal Region of Rajasthan. Journal 
of Agricultural Physics 40: 212-217.

Suma M, George AV, Rekha VB and Leenamma J 2011. An 
assessment of soil properties under different land use types of 
the Kallada River Basin, Kerala, India. Environmental 
Resources and Engineering Management 1: 5-13.

Tripathi SK, Kushwaha CP and Singh KP 2008. Tropical forest and 
savanna ecosystems show differential impact of N and P 
additions on soil organic matter and aggregates structure. 
Global Change Biology 14: 2572-2581.

Vance ED, Brookes C and Jenkinson DS  1987. An extraction 
method for measuring soil microbial biomass carbon. Soil 
Biology Biochemistry 19: 703-707.

Wallbrink P, Blake W, Doerr S, Shakesby R, Humphreys G and 
English P 2005. In: Walling, D.E. and Horowitz, A.J. (eds) 
Using Tracer Based Sediment Budgets to Assess 
Redistribution of Soil and Organic Material after Severe Bush 
Fires,  Sediment Budgets, pp. 223-230. IAHS Publication: 
Wallingford, UK.

Wapongnungsang, Hauchhum R and Tripathi SK 2017. Litter 
Decomposition Vis-a-Vis Carbon and Nitrogen Dynamics of 
Tephrosia candida Components in Different Fallow Periods 
Following Shifting Cultivation in Mizoram. Indian Journal of 
Ecology 44(4): 791-796.

Xiangmin F, Qingli W, Wangming Z, Wei Z, Yawei W, Lijun N and 
Limin D2014. Land use effects on soil organic carbon, microbial 
biomass and microbial activity in Changbai Mountains of 
Northeast China. Chinese Geographical Science 24(3): 297-
306.

Yang LY, Wu ST and Zhang LB 2010.  Fine root biomass dynamics 
and carbon storage along a successional gradient in Changbai 
Mountains, China. Forestry 83: 379-387.

Received 10 August, 2018; Accepted 10 October, 2018

834 Wapongnungsang, Adangnaro and S.K. Tripathi



Relationship of Physico-Chemical Properties with Chromium 
Content in Sewage and Tubewell Water Irrigated Soils of Punjab

Indian Journal of Ecology (2018) 45(4): 835-840

Abstract: Surface (0-15 cm) and sub-surface (15-30 cm) soil samples from sewage water irrigated and tubewell water irrigated sites were 

collected from ten sites each in Ludhiana and Jalandhar districts of Punjab. The samples were analyzed for their physico-chemical properties, 

DTPA- Cr and total Cr. The pH of sewage water irrigated soil was lesser as compared to tubewell water irrigated soils in both the towns and it 

decreased with depth. The electrical conductivity and organic carbon of sewage water irrigated soils was observed to be higher in Ludhiana as 

compared to Jalandhar district. Calcium carbonate content was noted to be higher in tubewell irrigated soil of Ludhiana only and found absent 

in Jalandhar. The cation exchange capacity of Ludhiana was observed to be higher than Jalandhar. The mean DTPA-Cr and total Cr in both the 

soils were found to be higher in Jalandhar as compared to Ludhiana. Correlation coefficients of DTPA-Cr and total Cr with soil properties 

showed that organic carbon, pH, calcium carbonate content and clay were significantly correlated with DTPA- Cr. Partial regression analysis 

showed that pH, OC and calcium carbonate content significantly explains the variability towards DTPA- Cr and total Cr.

Keywords: Organic carbon, pH, CEC, DTPA-Cr, Total Cr, Correlation coefficients, Partial regression coefficients
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Heavy metal accumulation in soils is of great concern in 

agricultural production due to their adverse effects on food 

quality, crop growth and environmental health. These metals 

may accumulate to a toxic concentration level which can lead 

to impairment in the quality of human life. Waste waters of 

domestic, commercial and industrial origin find their way into 

sewers which either directly or through water bodies are used 

for irrigation. Farmers get allured to use this water as they are 

a source of essential plant nutrient. In case, sewage water is 

not treated and includes industrial effluents, farmers are 

unknowingly enriching their soil with heavy meals or toxic 

elements by the continuous use of sewage water for irrigation 

Ludhiana, the most industrialized city of Punjab has a 

number of industries such as electroplating, chromate 

manufacturing, tanning and dyeing industries. The Jalandhar 

district has a leather industry. Since Cr is used in these 

industries in different operations, chromium remains as a 

widespread contaminants in the effluents of these industries, 

if not treated, these effluents are released into different water 

bodies. The most stable state of Cr in natural environment is 

Cr (III) and Cr (VI). Among the two, Cr (VI) is more toxic and is 

associated with decreased plant growth and changes in plant 

morphology.  In contrast, trivalent chromium, Cr (III) is 

relatively less toxic and less mobile. The indiscriminate 

disposal of industrial and sewage effluents on agricultural 

land for a long term is becoming a major source of Cr 

contamination in sewage irrigated soils of Ludhiana and 

Jalandhar. Keeping this thing in mind, objective was planned 

to study the relationship of various soil properties with 

chromium content in sewage water and tubewell water 

irrigated soils of Ludhiana and Jalandhar.

MATERIAL AND METHODS

Surface (0-15 cm) and sub-surface (15-30 cm) soil 

samples were collected from the ten villages namely Chauni 

Mohalla, Salem Tabri, Vijay Nagar, Iqbal Nagar, Talwara 

Bridge, Mallakpur, Jamalpura and Tibba Road situated along 

the Buddha Nullah of Ludhiana. Samples from the same 

depths were also collected from ten different sites where 

tubewell water was used for irrigation. These sites were 

Bhamian Road, Bhamian Kalan, Tajpur Road, Guru Nanak 

Colony, Talwara, Bagga Khurd, Nurpur bet, Mallakpur,  

Bagga Kalan and Jainpur. The surface and sub-surface soil 

samples were also collected from Jalandhar district with ten 

different sites namely near leather complex, Nahalan, 

Chamiara, Ghazipur and  Bhudu pinder  situated along the 

leather complex and also collected from tubewell water 

irrigated fields. The sites were Opposite Bajwa and Ghuman 

dairy farm, Chamiara, Dashmesh sports club Ghazipur, 

Athola, Sohal-Jathere, Kohala, Gobind Pooh and Jairampur. 

The soil samples were processed and analysed for pH, 

electrical conductivity, organic carbon,, calcium carbonate, 

cation exchange capacity were determined by standard 

methods (Page 1982). Available Cr in the samples was 



determined by DTPA method (Lindsay and Norvell, 1978). 

Soil samples were analyzed for total Cr content after 

digesting them with HF and HClO in Teflon beakers. 4

Chromium analyses in soil extracts were determined by 

ICAP-AES. Calibration was done before measurement of 

samples using a series of standard Cr solutions. Coefficients 

of correlations between DTPA extractable Cr and total Cr with 

the soil properties were determined from  both the layers of 

soil samples, collected from sewage water and tubewell 

water irrigated soils. Regression coefficients were worked 

out using SPSS 16.0 statistics software to describe the 

individual and combined influence of various soil properties 

on DTPA extractable Cr in the sewage water irrigated and 

tubewell water irrigated soils. 

RESULTS AND DISCUSSION

Ludhiana (Sewage water irrigated soil): In Ludhiana 

district, the mean pH of sewage water irrigated soils in 

surface layer and the sub-surface layer was 7.93 and 7.79 

(Table 1). The mean electrical conductivity in surface layer 

and the sub-surface layer with their respective is 0.45 and 
-10.30 dSm  resulted a decrease of mean soil EC in the sub-

surface layer. The mean percent organic carbon was 0.87 

and 0.62. The calcium carbonate content ranged from 3.23 to 

4.43 percent in surface layer and 1.88 to 6.34 percent in the 

sub-surface layer with their respective mean values of 3.76 

and 4.18 percent indicating an increase in sub-surface layer. 

The mean cation exchange capacity in surface and sub-
-1 surface layer was 9.01 and 7.37 Cmol kg indicated a 

decrease in sub-surface layer. The DTPA-Cr ranged from 
-10.012 to 0.063 mg kg  in surface layer and 0.009 to 0.037 mg 

-1kg  in the sub-surface layer with their respective mean value 
-10.03 and 0.02 mg kg  indicating a decrease in sub-surface 

1 -1layer. Similarly the mean total Cr  was 60.5 and 48.7 mg kg  

in surface and sub-surface layer .

Ludhiana (Tube well water irrigated soil): The mean pH of 

this in the surface and sub-surface layer was 8.05 and 7.89 
-1(Table 1). The EC ranged from 0.16 to 0.61 dSm  in surface 

-1layer and 0.13 to 0.46 dSm  in the sub-surface layer resulting 

a decrease of mean soil EC in the sub-surface layer. The 

organic carbon varied from 0.34 to 0.88 percent in surface 

and 0.17 to 0.58 percent in sub-surface layer which also 

indicated a decrease of mean soil OC in the sub-surface 

layer. The mean calcium carbonate content in surface and 

sub-surface layer with was 4.89 and 5.13 percent indicating 

an increase in sub-surface layer. The mean cation exchange 

capacity in surface r and sub-surface layer was 6.45 and 5.46 
-1 Cmol kg indicated a decrease in sub-surface layer. Most of 

the soils of Ludhiana lies in sandy loam texture. The DTPA-Cr 
-1varied from 0.009 to 0.023 mg kg  in surface layer and 0.011 

-1to 0.018 mg kg  in the sub-surface layer with their respective 
-1mean values of 0.02 and 0.01 mg kg  indicated a decrease in 

sub-surface layer. The  total Cr content indicated a decrease 

in sub-surface layer. Comparison of both the soils have 

shown that pH of sewage water irrigated soil was less as 

compared to tubewell water irrigated soil. It was because the 

effluents with which the soils at sewage water irrigated sites 

were irrigated are acidic in nature.  Khurana and Aulakh 

(2010) also documented that irrigation with sewage water, 

decreases soil pH and could result in the accumulation of 

heavy metals in the plow layer of agricultural soils. The EC of 

sewage water irrigated soils was relatively more than that of 

tubewell irrigated soils. The magnitude of increase in 

electrical conductivity was dependent on the rate of addition 

and chemical composition of sewage water. Rattan et al 

(2005) observed that electrical conductivity of sewage water 

Soil property Sewage water irrigated (SWI) Tubewell water irrigated (TWI)

0-15 cm 15-30 cm 0-15 cm 15-30 cm

pH 7.81 – 8.20 (7.93) 7.58 – 8.16 (7.79) 7.50 -8.30 (7.89) 7.89 – 8.36 (8.05)

-1EC (dS m ) 0.21- 0.82 (0.45) 0.17- 0.49 (0.30) 0.13 – 0.46 (0.25) 0.16- 0.61 (0.33)

OC (%) 0.71 – 1.16 (0.87) 0.28 – 0.82 (0.62) 0.17 – 0.58 (0.36) 0.34 – 0.88 (0.59)

CaCO3 (%) 3.23 – 4.43 (3.76) 1.88- 6.38 (4.18) Nil – 9.68 (5.13) Nil – 8.05 (4.89)

-1CEC (Cmol kg ) 6.65 – 10.60 (9.01) 4.52 – 9.69 (7.37) 4.41- 7.08 (5.46) 5.17 – 8.56 (6.45)

Sand (%) 72.7 – 87.2 (77.2) 60.7 – 83.9 (73.6) 68.6- 79.2 (75.3) 60.6 – 85.6 (75.6)

Silt (%) 3.1 – 18.1 (12.8) 6.8 – 32.2 (17.1) 11.6 – 22.1 (15.2) 3.9 – 28.6 (14.5)

Clay (%) 9.13 – 12.10 (10.0) 7.1 – 10.1 (9.3) 9.0 – 12.2 (9.5) 9.3 – 10.8 (9.9)

-1DTPA –Cr  (mg kg ) 0.012 – 0.063 (0.03) 0.009- 0.037 (0.02) 0.011 – 0.018 (0.01) 0.009 – 0.023 (0.02)

-1Total – Cr  (mg kg ) 36.4 – 100.5 (60.5) 35.3- 72.4 (48.7) 26.6- 44.6 (32.7) 26.3 – 47.1 (36.0)

Table 1. Physico-chemical properties of Sewage water irrigated and tubewell water irrigated surface soil (0-15cm) and sub-
surface soil of Ludhiana district

Values in brackets indicate mean value 
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-1exceed 1 dS m  indicating these effluents were saline in 

nature. The OC content of sewage water irrigated soils was 

relatively more than that of tubewell irrigated soils. This 

clearly indicated that the OC content of sewage water with 

which the soils are irrigated contains higher organic matter. 

Bhatti et al (2016) reported that soil organic matter (SOM) 

which is the storehouse of plant nutrients and mineral 

recycling was low which can be attributed to sandy texture of 

soil. The calcium carbonate content was more in tubewell 

water irrigated soil. It might be due to high pH values of these 

soils. Ariffkhan and kamalakar (2012) concluded that 

increase in calcium carbonate with depth might be due to 

calcification and inheritance from parent material. Dheri  et al 

(2007) revealed that content of calcium carbonate in soil 

irrigated with tubewell water was 1.3 and 2.3 times higher 

than its contents in sewage irrigated soils. Higher cation 

exchange capacity was in sewage water irrigated soils as 

compared to tubewell water irrigated soil which varied among 

different sites and their contents at all the investigated sites. 

Almost similar findings also reported by Rattan et al (2005) 

and Akan (et al) 2010. The DTPA-Cr content of sewage water 

irrigated soils was relatively higher than that of tubewell 

irrigated soils. Bansal et al (2013) showed that concentration 

of DTPA extractable heavy metals in partial sewage irrigated 

and sewage irrigated soils remained almost the same, which 

might be due to deposition of heavy metals in crops grown on 

the soils. The total Cr was found higher in sewage water 

irrigated soils as compared to tubewell water irrigated soils.  

Kebir and Bouhadjera (2011) observed very high 
-1concentration of Cr (6.1 - 65.05 mg Kg ) in different 

agricultural soil samples. Koul et al (2016) also observed 

statistically higher concentration of Cr in soils at sites near 

Buddha Nullah (sewerage contaminated) as compared to its 

content in soils at reference site PAU research farm.

Jalandhar (Sewage water irrigated soil): In Jalandhar 

district, the mean pH in surface and sub-surface layer was 

6.87 and 7.19 (Table 2). The EC ranged from 0.18 to 0.37 
-1 -1dSm  in surface layer and 0.18 to 0.49 dSm  in sub-surface 

layer resulting no change of mean soil EC in the sub-surface 

layer. The organic carbon was 0.63 and 0.42 percent for 

surface and sub-surface soil. The calcium carbonate content 

was absent in all samples collected from Jalandhar district. 
 The mean cation exchange capacity in surface and the sub-

-1 surface layer was 7.60 and 6.99 Cmol kg indicated a 

decrease in sub-surface layer. The DTPA-Cr also indicated 

the decrease in sub-surface layer. Similarly, the mean total Cr 

content in surface layer and the sub-surface layer was 167.8 
-1and 149.0 mg kg  indicating a decrease in sub-surface layer. 

Jalandhar  (Tubewell water irrigated soil): The pH of soil in 

the surface and sub-surface layer was did not vary being 7.05 
-1and 7.01 (Table 2). The EC ranged from 0.11 to 0.23 dSm  in 

-1surface layer and 0.10 to 0.34 dSm  in sub-surface layer . 

The mean organic carbon of surface and sub-surface layer 

was 0.54 and 0.34 percent indicated a decrease of mean soil 

OC in the sub-surface layer. The calcium carbonate was also 

absent in tubewell water irrigated soils. The mean cation 
 exchange capacity in surface and sub-surface layer was 

-1 6.57 and 6.33 Cmol kg indicated a decrease in sub-surface 

layer. The DTPA-Cr also  indicated  decrease in sub-surface 

layer. The mean total Cr content in surface and in the sub-
-1surface layer was 39.2 and 35.9 mg kg  indicated a decrease 

in sub-surface layer. 

The  pH of sewage water irrigated soil was less as 

compared to tubewell water irrigated soil.  This indicates that 

the continuous use of sewage contaminated water with 

higher acidity over the period of many years lowered the pH 

of the soils. Jalandhar has leather, tanning and sport 

industries and the effluent of these industries are acidic in 

nature. Dheri  et al (2007) reported that pH of sewage 

irrigated soil was slightly lower than compared to soils 

Soil property Sewage water irrigated (SWI) Tubewell water irrigated (TWI)

0-15 cm 15-30 cm 0-15 cm  15- 30 cm

pH 6.52 – 7.40 (6.87) 6.64 – 7.50 (7.19) 6.41 – 7.94 (7.05) 6.70- 7.50 (7.01)
-1EC(dS m ) 0.18 – 0.37 (0.26) 0.18 – 0.49 (0.26) 0.11 – 0.23 (0.16) 0.10 – 0.34 (0.21)

OC (%) 0.47 – 0.78 (0.63) 0.22- 0.68 (0.42) 0.38 – 0.84 (0.54) 0.16- 0.47 (0.34)
-1CEC(Cmol kg ) 6.80- 8.17 (7.60) 6.21 – 7.65 (6.99) 6.10 – 7.33 (6.57) 5.78- 6.95 (6.33)

Sand (%) 68.3 – 78.9 (74.0) 68.8- 79.4 (74.4) 66.3- 80.3 (73.3) 74.8- 79.6 (77.1)

Silt (%) 10.3- 17.0 (12.4) 10.6- 18.6 (13.5) 10.1- 19.2 (13.6) 10.1- 13.1 (10.8)

Clay (%) 10.0- 16.0 (13.6) 10.0- 19.4 (12.3) 9.5- 14.8 (13.0) 10.0- 15.0 (12.0)
-1DTPA –Cr (mg kg ) 0.039- 0.155 (0.10) 0.022- 0.104 (0.06) 0.015-0.028 (0.02) 0.005- 0.023 (0.01)

-1Total – Cr (mg kg ) 129.6- 197.6 (167.8) 124.6- 177.9 (149.0) 12.3- 71.0 (39.2) 11.5- 62.9 (35.9)

Table 2. Physico-chemical properties of Sewage water irrigated and tubewell water irrigated surface soil and sub-surface soil 
of Jalandhar district

Values in brackets indicate mean value 
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irrigated with tubewell water. The continuous use of waste 

water resulted in a decrease in soil pH.  The variable 

decrease in pH may also be due to the decomposition of the 

high load of organic matter may be the cause of lowering the 

pH of the soil. The EC of sewage water irrigated soils was 

relatively more than that of tubewell irrigated soils. The 

magnitude of increase in electrical conductivity was 

dependent on the rate of addition and chemical composition 

of sewage water. Antil (2012) also reported that higher EC of 

sewage water irrigated soil as compared to tubewell irrigated 

soil ans it  may  indicated that long term use of sewage 

waters may develop the salinity problem and ultimately will 

render the soils unproductive due to high amount of salt 

accumulation. The OC content of sewage water irrigated 

soils was relatively more than that of tubewell irrigated soils. 

This clearly indicated that the OC content of sewage water 

with which the soils are irrigated contains higher organic 

matter. Kaur and Najam (2016) also observed that use of 

sewage water increase the organic carbon content of soil 

resulting, increase in crop yield with an improved fertility 

status of soil. Higher cation exchange capacity was in 

sewage water irrigated soils as compared to tubewell water 

irrigated soil. These differences are due to higher 

concentration of these metal ions and CEC in sewage 

contaminated soils. Dheri  et al (2007) revealed that CEC of 

sewage irrigated and partially sewage irrigated soils was 

greater than tubewell irrigated soils. The soils of Jalandhar 

have sandy loam texture. The DTPA-Cr content of sewage 

water irrigated soils was relatively higher than that of tubewell 

irrigated soils. The accumulation would depend upon Cr 

concentration in sewage water, frequency of irrigation and 

soil type. Ariffkhan  et al (2012) also documented higher  

DTPA-Cr content in surface soil and decreased with depth. 

The total Cr content of sewage water irrigated soils was three 

times higher in surface soil and almost four times higher in 

sub-surface layer when compared to tubewell irrigated soils. 

Kharche et al (2011) also observed higher total Cr content in 

surface layer of sewage irrigated soils and it was 1.62 times 

more than their content in normal soil. The corresponding 

decrease in total Cr content in sub-surface soil layer was 1.52 

times more times than their content in normal soil. This 

indicates that the heavy metals accumulate in the surface soil 

which happens to be effective rooting depth for most of the 

vegetable crops

District wise comparison had shown that pH of sewage 

water irrigated soils of Jalandhar was less as compared to 

Ludhiana as it was because the effluents of tanning and 

dyeing industries were more acidic in nature as compared to 

effluents of dyeing and electroplating industries. The EC of 

sewage water irrigated soils of Ludhiana were more as 

compared to Jalandhar because the salts are present in high 

concentration in Ludhiana district. The organic carbon 

content of Ludhiana district was more as compared to 

Jalandhar district. The tubewell water irrigated sub-surface 

soils of Ludhiana has higher content of calcium carbonate. 

The higher values of cation exchange capacity in soils of 

Ludhiana may be due to higher content of organic matter. It 

was based on the fact that the soils having high cation 

exchange capacity would retain large amount of metals in a 

relatively unavailable forms. Thus, such soils would be able 

to accommodate higher rate of metal loading without 

becoming toxic. The DTPA and total Cr was higher in 

Jalandhar district as compared to Ludhiana. 

Correlation coefficient: The calcium carbonate and organic 

carbon content was significantly correlated with DTPA –Cr 

and total Cr in sewage water irrigated surface soil of 

Ludhiana while in the sub-surface layer, only organic carbon 

was significantly correlated to DTPA –Cr (Table 3).  In 

tubewell water surface irrigated soil, DTPA- Cr was 

significantly correlated with electrical conductivity, organic 

carbon, cation exchange capacity and clay content of soil. In 

this layer, total Cr was significantly correlated with electrical 

Soil property Sewage water irrigated soils Tubewell Irrigated Soils

DTPA-Cr Total-Cr DTPA-Cr Total-Cr DTPA-Cr Total-Cr DTPA-Cr Total-Cr

0-15 cm 15-30 cm 0-15 cm 15-30 cm

pH 0.123 0.017 0.125 -0.192 0.017 -0.149 *-0.699 -0.185

EC 0.005 0.116 -0.148 0.100 *0.655 **0.906 -0.172 **0.767

OC **0.795 **0.830 **0.828 0.505 *0.637 0.216 -0.130 0.078

CaCO3
*0.660 *0.634 0.055 0.179 0.276 *0.712 -0.022 **0.797

CEC 0.406 0.408 0.138 0.131 **-0.875 -0.582 0.183 -0.072

Sand -0.033 0.105 0.160 0.007 -0.116 0.196 0.371 -0.284

Silt 0.038 0.006 -0.263 -0.109 0.058 -0.252 -0.248 0.427

Clay -0.140 -0.220 0.234 -0.363 **0.803 *0.690 -0.436 -0.359

Table 3. Correlation coefficient of DTPA-Cr and total Cr with soil properties of Ludhiana District

* and ** indicates correlation is significant at 0.05 and  0.01 level
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conductivity, calcium carbonate content and clay content of 

soil. On the other hand, in sub-surface layer DTPA- Cr was 

significantly correlated with pH and total Cr was significantly 

correlated to electrical conductivity and calcium carbonate 

content.  The pH was significantly correlated to DTPA- Cr in 

both the layers of sewage water irrigated soil and it was also 

significantly correlated to total Cr in surface layer of 

Jalandhar (Table 4).  The organic carbon was significantly 

with DTPA-Cr in surface layer and it was significantly 

correlated with total Cr in the sub-surface layer. In tubewell 

water irrigated surface soils, DTPA- Cr was significantly 

correlated to organic carbon and total Cr was significantly 

correlated with electrical conductivity. In the sub-surface 

layer, total Cr was significantly correlated with electrical 

conductivity. Mani et al (2015) found significant correlation of 

DTPA- Cr and soil organic carbon.

Multiple Regression Coefficients: For determining these 

coefficients, necessary clubbing of data which have same 

industry were made e.g clubbing of data for Ludhiana and 

Jalandhar because they both have tanning and dyeing 

industries. In sewage irrigated surface soil of Ludhiana and 

Jalandhar, regression analysis indicated that calcium 

carbonate, OC along with pH and CEC has a highly significant 

effect on DTPA extractable Cr. It accounted for 47.5 percent 

variation only by calcium carbonate content and together 

(CaCO , OC, pH and CEC) they explained 81.2 percent 3

variability. Calcium carbonate and organic carbon also played 

significant role in explaining the variability towards total Cr and 

they accounted for 84.2 percent. In the sub-surface layer of 

sewage irrigated soil, pH alone made significant contribution 

towards DTPA Cr and it accounted for 62.2 percent. The pH 

along with CEC explained 81.2 percent variability (Table 5). 

On the other hand, calcium carbonate content alone explained 

81.2 percent variability towards total Cr. In the tubewell 

irrigated surface soils of Ludhiana and Jalandhar, organic 

carbon and pH both explained 68.9 percent variability towards 

Soil property Sewage water irrigated soils Tubewell Irrigated Soils

DTPA-Cr Total-Cr DTPA-Cr Total-Cr DTPA-Cr Total-Cr DTPA-Cr Total-Cr

0-15cm 15-30cm 0-15cm 15-30cm

pH *-0.684 *0.634 *-0.696 0.462 0.147 -0.359 -0.541 -0.419

EC -0.213 -0.101 0.361 -0.182 0.072 0.665* 0.038 0.899**

OC **0.790 0.035 0.462 *-0.635 0.739* -0.066 0.259 -0.061

CEC 0.120 -0.192 0.032 0.339 0.416 0.487 0.257 0.258

Sand -0.123 0.089 0.421 -0.029 -0.284 0.031 0.255 -0.044

Silt -0.121 -0.187 -0.498 -0.019 0.228 -0.014 -0.197 0.469

Clay 0.333 0.072 -0.055 0.054 0.319 -0.053 -0.186 -0.223

Table 4. Correlation coefficient of DTPA-Cr and total Cr with soil properties of Jalandhar district

* and ** indicates correlation is significant at 0.05 and  0.01 level

Regression equation               2R

Surface layer

DTPA-Cr = 0.096-0.017 (CaCO )3 0.475

DTPA-Cr = -0.029 -0.030 (CaCO ) + 0.199 (OC)3 0.744

DTPA-Cr = -0.402 -0.044 (CaCO ) + 0.187 (OC) + 0.055  3

(pH)
0.811

DTPA-Cr = -0.404 -0.044 (CaCO ) + 0.1186 (OC) + 0.054 3

(pH)+ 0.001 (CEC)
0.812

Total Cr =  165.206 – 27.161 (CaCO )3 0.811

Total Cr =  112.471 – 32.601 (CaCO ) + 83.979 (OC)3 0.842

Sub-surface layer

DTPA-Cr = 0.458- 0.056 (pH) 0.622

DTPA-Cr = 0.460 - 0.062 (pH) + 0.006 (CEC) 0.667

Total Cr = 143.012 – 21.157 (CaCO )3 0.812

Table 5. Influence of soil properties of sewage irrigated soils 
of Ludhiana and Jalandhar on DTPA extractable and 
total chromium in surface and sub-surface layer

Regression equation              2R

Surface layer 0.387

DTPA-Cr = 0.007+ 0.021 (OC)

DTPA-Cr = 0.031 + 0.027 (OC) -  0.004 (pH) 0.549

DTPA-Cr = 0.043 + 0.027 (OC) -  0.006 (pH) + 0.018 0.689  

Sub-surface layer

Total-Cr = 13.85+  89.835 (EC) 0.522

Total -Cr = 10.70 +  124.74 (EC) – 2.07 (CaCO )3 0.720

Total Cr = 39.88 + 138.45 (EC) – 3.25(CaCO ) – 2.75 (clay)3 0.820

Table 6. Influence of  soil properties of tubewell irrigated soils 
of Ludhiana and Jalandhar on DTPA extractable and 
total chromium in surface and sub-surface layer

DTPA-Cr. While no soil property explained the variability 

towards total Cr. In the tubewell irrigated sub-surface layer of 

Ludhiana and Jalandhar, variability was explained by 

electrical conductivity, calcium carbonate content and clay and 
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they together  made significant contribution towards total Cr 

and it accounted for 82.0 percent (Table 6).
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Managing Saline Soils of Indo-Gangetic Plains with 
Eucalyptus and Melia based Agroforestry Systems 

Indian Journal of Ecology (2018) 45(4): 841-849

Abstract: Salinity is a common problem in irrigated agriculture and abandoned degraded areas. Agroforestry practices on abandoned lands 

could be the viable option to use saline lands for productive services with soil amelioration benefits. Therefore, an experiment was conducted 

in ICAR-Central Soil Salinity Research Institute, Karnal, Haryana for managing the saline soils with Eucalyptus and Melia based agroforestry 

systems. Three irrigation regimes viz. (i) I - saline and normal water in cyclic mode, (ii) I - best available water combined with need based saline 1 2

irrigation, & (iii) I -control (rainfed conditions) and two landuses (LU) of (i) (LU ) tree (Eucalyptus tereticornis and Melia composita) + crop 3 1

(mustard and pearlmillet), and (ii) (LU ) sole agronomical crops in open conditions. Both the systems studied independently and the results 2

clearly indicate that both the systems adapted well in saline soils with saline irrigation. The best available water with need based saline 

irrigation (I ) outperformed than the rest of the irrigation regimes in terms of establishment, growth of trees and companion crops and soil 2

reclamation. Best available water combined with need based saline irrigation+trees+crops (I +LU ) treatment combination observed to be the 2 1

best in both the developed agroforestry systems. Germination and yield of mustard and peralmillet found to decrease with the increase in the 

salinity levels. For better mustard germination, the EC value should be at below 6.0 dS/m in field conditions. The EC (electrical conductivity) 

and pH values of soil found to decrease from its initial levels under the influence of irrigation with good quality water and tree+crop landuse 

which indicate the reclamation of saline soils. The synergistic effect of trees and intercrops on saline soils will certainly improve the biological 

productivity of saline soils. Such developed agroforestry systems in saline soils of Indo-Gangetic plains are the best option to manage saline 

soils on economical and ecological security mode. 

Keywords: Agroforestry system, Saline soils, Eucalyptus, Melia, Reclamation, Mustard, Peralmillet
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Salinity is the rising problem in many parts of the world 

especially arid and semi-arid regions. This can be directly 

linked with the significant yield losses from the existing 

landuses. The total area of salt affected soils in the world is 

831 m hectares which include 397 and 434 m hectares of 

saline and sodic soils, respectively. In India, 6.75 million 

hectares (M ha) land area is salt affected (Mandal et al 2010) 
stand is likely to increase upto 20 m hectares by the end of 21  

century (CSSRI 2013). The area statistics showed that 80 per 

cent of salt affected soils are in arable cropping areas, 18 per 

cent co-existed with erosion and 2 per cent is located in the 

forest covered areas. This accounts for 2 per cent of the total 

geographical area of the country and 4.2 per cent of the total 

arable land area with major chunk in irrigated cropped area in 

canal commands. The total area under saline soils is 2.95 m 

ha (44% of the total salt affected soils) and spread in 12 

states including Andaman and Nicobar island. Saline soils 

spread in 1.75 m ha area with poor quality ground water in 

inland plains of arid/semi arid regions and 1.2 m ha area in 

coastal plains intercepted by sea water intrusion with humid 

climate. Such areas could be put under utilization by using 

the salt tolerant flora. The methods in practice are the 

agronomic and/or phytoremediation. Agronomic practices 

driven by high labour cost and need developmental 

strategies for its effective delivery. On the other hand, phyto-

remediation can be easily executed without any significant 

problems. Agroforestry system on salt-affected soils is one of 

the viable alternative land use option to use saline soils with 

their full potential for production and soil amelioration 

(Lambert and turner 2000 and Wicke et al 2013). Saline soils 

offer great potential for tree plantations because such lands 

are unsuitable for traditional agriculture practices. Plantation 

on saline soils is economical option to increase the 

availability of tree products to bridging the gap of demand and 

supply. Suitable salt tolerant tree species on saline soils not 

only provide the green coverage but also give good 

economical returns to the farmers. This could be one of the 

best practice to double the farmers' income by 2022. Based 

on earlier studies of categorization of woody species as 

highly and moderately tolerant, two tree species i.e. 

Eucalyptus tereticornis and Melia composita were selected 

for experimentation. Eucalyptus tereticornis is reported to be 



tolerant to soil salinity, sodicity or both (Marcar and Crawford 

2004 and Souza et al 2015). Eucalyptus is also well known 

agroforestry tree species with rice-wheat cropping system on 

salt affected soils. But, it is not tested with low water intensive 

crops especially in saline soils. Melia composita is 

moderately tolerant to salinity and not tried yet in saline soils. 

Mustard is the third most important edible oil source in the 

world. In India, it is grown mainly for edible oil in about 7.0 m 

ha of arid and semi-arid regions of the country with poor 

quality ground water for irrigating the crop. Pearl millet has 

been reported to have high tolerance to salinity and drought 

thus, it can serve as an important fodder cum cereal crop in 

the arid and semi-arid regions of India. Therefore, two 

potential tree and crop species were selected for developing 

farm based models in saline soils under the influence of 

saline water irrigation.

MATERIAL AND METHODS

Study area: The study was conducted at Experimental 

Research Farm, Nain, Panipat of ICAR-CSSRI, Karnal, 
0Haryana. Geographically, it extends from 29 19'7.09” to 

0 0 029 19'10” N latitude and 76 47'30” to 76 48'0” E longitude and 

is located at an elevation of 230 to 231 m above mean sea 

level. The historical data showed severe salinity and poor 

quality ground water restricting agricultural activity. 

Climate: The climate is semi-arid, sub-tropical and 

monsoonal receiving an average annual rainfall 678 mm. The 

maximum rainfall is received between July to October 

amounting to 548 mm, which accounts for 81 per cent of the 

total annual rainfall. The average annual evaporation is 1598 

mm. The period between July to October remains water 

surplus, while remaining period is water deficit. The mean 
0maximum and minimum temperatures were 37.9 C and 

06.2 C, respectively indicating seasonal climate. The mean 
0 0summer and winter soil temperatures were 38.3 C and 5.9 C, 

0respectively. Mean annual soil temperature (MAST) is 26.5 C 

that showed hyperthermic soil temperature regime. Soil 

moisture regime is primarily ustic. 

Soil and ground water table: The soil was saline with poor 

quality ground water and electrical conductivity (EC) ranged 

from 4 to >30 dS/m. The range of soil pH was from 7.21 to 

9.25. 

Experimental details: Eucalyptus tereticornis (Clone 413) 

and Melia composita saplings were planted in line geometry 

with 4x3 m and 6x3 m spacing in N-S direction. The saplings 

were planted after making the pits of 100 cm in depth and 30 

cm in width with tractor mounted auger hole to facilitate the 

roots to penetrate deeper in the soil. The pits were re-filled in 

ratio of 2:1:1with mixture of original soil+sand+FYM. The 

saplings of both trees were out-planted in August, 2014 

(monsoon planting). After this, the sub-surface planting-cum-

furrow irrigation method was adopted to irrigate the 

plantations. Initially, 3 to 4 irrigations of best available water 

(ECiw <1.0) was given with spot irrigation method to make 

the planted saplings survived on saline soils. Once the plants 

established, then saline irriqation (ECiw ranging from 2.75 to 

4.0 dS/m) were given. There were three irrigation regimes 

viz. (i) I - saline and normal water in cyclic mode, (ii) I - best 1 2

available water combined with need based saline irrigation, 

and (iii) I -control (rainfed conditions). There were three 3

landuses (LU) treatments which comprised of (i) (LU ) tree 1

(Eucalyptus tereticornis and Melia composita) + crop 

(Mustard and Pearlmillet), (ii) (LU ) sole agronomical crops in 2

open conditions, (iii) (LU ) sole tree. Both the tree species 3

were planted in separate blocks comprised of nine rows with 

19 plants in each row of individual tree species. Mustard and 

Pearlmillet were sown in rabi and Kharif seasons under 

Eucalyptus and Melia trees and in open area without trees. 

The experiment was laid out in Strip Plot Design with three 

replications.

Response variables: The response variables recorded in 

trees were survival percent , plant height (cm), diameter at 

breast height (DBH) (cm), number of branches, length of 
2longest branch (cm) and crown spread (cm ) in October, 2016 

(with the onset of autumn season). The parameters recorded 

in Pearlmillet were total yield (q/ha) and correlation with 

salinity. In mustard the parameters like germination %age, 

average plant height (cm), average number of primary 

branches, average number of secondary branches, mean 

shoot length (MSL), average number of pods per plant, 

average yield per plant (g), total yield per plot (Kg) and total 

yield per ha (q) were recorded. Correlation was also drawn 

with the Mustard yield and soil salinity level. In addition to this, 

soil attributes were also observed to determine the change in 

the salinity level of the soil in respect of the reclamation 

measure. For this, electrical conductivity (EC ) and pH were 2

measured at the start and end of the experiment to estimate 

the addition or reduction in the salinity level in surface layer of 

the soil. 

RESULTS & DISCUSSION

Eucalyptus based agroforestry system

Plantation survival and growth: The data on planted 

survival and increment in growth parameters are presented 

in Table 1. All the plants survived in treatment I  (100%) 2

followed by I  and I . The lowest survival was observed in the 1 3

trees maintained on rainfed and/or life saving irrigation. The 

life saving irrigation was given only in summer months i.e. 

from April to June frequently and occasionally in winter 
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Irrigation   Establishment and % increment in growth attributes

Survival 
(%)

Plant 
height

DBH No. of 
branches

Longest 
branch

Crown 
spread

I1 95.00 38.33 228.3 12.0 30.5 80.5

I2 100.0 41.00 238.7 15.3 33.1 91.4

I (Control)3  80.00 22.00 212.3 9.40 20.1 60.2

Mean 91.67 33.78 226.4 12.2 27.9 77.4

CD (p=0.05) NS 3.03 4.24 NS 2.36 0.56

Table 1. Effect of irrigation regimes on establishment and 
growth of Eucalyptus tereticornis plantations in 
saline soils

months during long dry spells. These results on survival 

percentage are in line with findings of Akhtar et al 2008. The 

growth parameters were analyzed on the basis of increments 

attained by plants in second year of growth during January to 

October, 2016. The two year old Eucalyptus plantations gave 

higher increments of growth parameters namely plant height, 

DBH, number of branches, longest branch length and crown 

spread when irrigated with (I ) best available water combined 2

with need based saline water than (I ) saline and normal 1

water in cyclic mode and (I ) control. DBH parameter gave 3

highest increment (%) among all the recorded parameters in 

all the applied irrigation treatments. The lowest increment 

(%) was in number of branches and gave non-significant 

effect of irrigation regimes. Highest and lowest increment in 

DBH and number of branches is due to fast growing nature 

and the silvicultural behavior of the Eucalyptus tereticornis. 

The order of the growth parameters in terms of percent 

increment was DBH>crown spread>plant height >longest 

branch >number of branches. The increment in tree growth 

parameters is low in saline soils than the normal soils. In 

these soils, the plants may not absorb optimum water and 

nutrients from soil solution due to the presence of salts which 

results in higher concentration of the soil solution. This lead to 

de-osmosis process in plants and in extreme cases eventual 

death of plants may occurred.

Growth and yield of intercrops

Mustard: The effect of salinity on germination of mustard 

was statistically significant. The correlation was positive with 
2 statistical significance showing the value of R 0.80. The 

germination percentage was decreased with the increase in 

salinity of soil from 0.93 to 9.39 dS/m. Germination ranged 

from 40 to 90 percent reported in plots having EC  upto 4 2

dS/m and rated as good germination. However, the low 

germination (<40%) was reported in the plots with salinity 

more than 4 and upto 9.39 dS/m. This indicates that EC value 2 

has direct influence on the germination of the mustard. The 

results are in line with the existing facts that salt and osmotic 

stresses are responsible for inhibition in seed germination 

and seedling establishment (Almansouri et al 2001). 

Germination failure and low growth in saline soils are often 

the result of high salt concentration in the seed planting zone 

caused by upward movement of soil solution and subsequent 

evaporation at the soil surface. Salt stress on seed 

germination may be attributed to either osmotic effect and/or 

to specific ion toxicities to radicle emergence or seedling 

development. Sharma et al (2013) also reported that the 

mustard germination and growth characteristics of seedlings 

were significantly affected by salinity. Salinity affects the 

growth and development of Brassica juncea in various ways. 

The most common adverse effects of salinity are the 

reduction in plant height, size and yield as well as 

deterioration of the product quality (Zamani et al 2011). 

Irrigation regimes and landuse pattern gave statistical 

significant effect on germination, growth and yield parameters 

of mustard (Tables 2 and 3). The I  and LU  individually or in 2 1

combination gave highest values of germination, growth  

parameters (average plant height, average number of 

primary branches, average number of secondary branches, 

mean shoot length and average number of pods per plant) 

and yield than the rest of tested treatments. The highest 

germination (46.3%) percentage was in I  followed by I and I . 2 1 3

LU  gave better outcome than LU . Similar, trend was 1 2

observed in growth and yield parameters with respect to the 

landuse and irrigation regimes. The maximum (9.63 q/ha) 

yield was in I  and minimum (2.0 q/ha) in I  maintained under 2 1

rainfed conditions. The yield was more (6.65 q/ha) alongwith 

the trees (LU ) than the open situation (5.47 q/ha) (LU ). The 1 2

yield was statistically significant with interaction combination 

of irrigation and landuse pattern. I +LU gave better outcome 2 1 

in all the yield parameters. The higher yield in I  with LU  is 2 1

directly ascribed to the quality of irrigation water and 

synergistic effect of trees. The higher values of growth 

parameters with I +LU  reflected in the total yield. 2 1

Peralmillet: Peralmillet was grown during Kharif 2016 (July 

to October) under the influence of irrigation regimes (I) and 

landuse pattern (LU) (Table 4). The Peralmillet yield was 

significantly higher with I  (7.59 q/ha) than I  and I  irrigation 2 1 3

regimes. As far as landuse are concerned, the yield was 

higher (6.97 q/ha) in LU and lower (6.29 q/ha) in LU . The 1 2

interactional combination of I and LU gave statistical 

significant effect on yield. But, the I +LU  combination 2 1

outperformed over the others. The higher yield in I  was 2

because of the application of best available water with need 

based low salinity water. The best available water kept the 

soil salinity at low level compared to I  and control irrigation 1

treatments.  The soil salinity ranged in I  treated plots varied 1

from 0.94 to 8.68 with average of 4.0 dS/m in the season. In I  2
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Irrigation 
regimes 
(ECiw)

Germination % Plant height (cm) No. of primary 
branches

No. of secondary 
branches

Mean shoot 
length (cm)

No. of pods/plant

Landuses

LU1 LU2 Mean LU1 LU2 Mean LU1 LU2 Mean LU1 LU2 Mean LU1 LU2 Mean LU1 LU2 Mean

I1 25.0 22.5 23.8 100.0 75.0 87.50 4.8 4.50 4.65 12.8 10.6 11.7 35.6 26.5 31.1 128.0 100.0 114.0

I2 60.4 32.1 46.3 125.7 82.2 104.0 6.3 5.83 6.07 18.7 14.0 16.3 44.5 31.8 38.1 195.2 148.2 171.7

I (Control)3 18.5 18.5 18.5 65.00 65.0 65.00 3.7 3.75 3.75 7.50 7.50 7.50 20.3 20.3 20.3 85.50 85.50 85.50

Mean 34.6 24.4 96.90 74.1 4.9 4.69 13.0 10.7 33.5 26.2 136.2 111.2 132.7

CD(p=0.05) I: 1.75
LU:2.47

IxLU: 1.75

I: 2.92
LU:4.13

IxLU: 2.92

I: 0.22
LU:0.32
IxLU: NS

I: 0.52
LU:0.74

IxLU: 0.52

I: 0.54
LU: 0.76

IxLU: 0.54

I: 1.72
LU:2.43

IxLU: 1.72

Table 2. Germination and growth of mustard in varying irrigation regimes and landuse patterns in Eucalyptus based 
agroforestry system

Irrigation regimes (ECiw) Yield/plant (g) Yield/plot (kg) Yield/ha (q)

Landuse

LU1 LU2 Mean LU1 LU2 Mean LU1 LU2 Mean

I1 4.60 3.95 4.28 5.15 3.95 4.55 6.59 6.52 6.56

I2 7.64 5.50 6.57 8.87 4.79 6.83 11.4 7.90 9.63

I (Control)3 2.50 2.50 2.50 2.00 2.00 2.00 2.00 2.00 2.00

Mean 4.91 3.98 5.34 3.58 6.65 5.47

CD (p=0.05) I: 0.64
LU:0.90

IxLU: 0.64

I: 0.52
LU:0.73

IxLU: 0.52

I: 0.22
LU:0.31

IxLU: 0.22

Table 3.  Effect of varying irrigation regimes and landuse patterns on mustard yield in Eucalyptus based agroforestry system

the EC ranged from 0.93 to 9.39 with average of 3.79 dS/m. 

The open plots gave 6.29 q/ha yield in which the EC ranged 

from 3.12 to 5.07 dS/m with average of 4.25 dS/m. The yield 

was lower in open plots than the plots in alley and/or under 

trees. The higher yield in plots under the trees may be due to 

the synergistic effect of the trees on the adjoining crops. The 

trees are helpful in creating congenial conditions for the 

intercrops during the initial years up to the time of canopy 

closure. The trees kept the soil moist and cool in the plots 

under the trees than the plots without trees. The low rate of 

upward flux due to partial tree canopy covering may also be 

responsible in creating low salinity level in rhizosphere 

resulted in higher yield. Moreover, the results are in 

congruous with findings of Makrana et al (2017) that the 

increase in the salt concentrations of irrigation water from 

good quality to EC 9.0 dS/m caused significant decrease in 

Peralmillet grain yield. They further observed 37.44 per cent 

yield reduction at the higher salinity (9 dS/m) of irrigation 

water compared to good quality water.

A correlation was derived to see the effect of soil salinity 

on the peralmillet yield (Fig. 3). Although, the correlation was 
2non-significant with R  value of 0.34 but, there was reduction 

in yield with the increase in the soil salinity. The line of 

correlation is smoothly declined with the increase in EC value 

from 2 to 10 dS/m. So, it infers from the figure that there is 

direct effect of salinity on peralmillet yield in saline soils.

Soil status: There was reduction in the EC and pH values 

from the initial soil status among all the applied treatments 

(Tables 5 and 6). However, the reduction in the values 

depends on specific applied treatment. I  irrigation regime 2

applied in LU and LU  gave the higher (-1.86 and -1.83 dS/m 1 2

in mustard and -1.84 and -1.63 dS/m in pearlmillet) reduction 

from the initial value of EC than the other treatments. The 

minimum (-0.73 dS/m) reduction of EC was observed in 

control in both the crops. It is further observed that the 

reduction was more in plots under the trees than open 

condition irrespective of irrigation regimes. Trees and crops 

have synergistic positive effect on soil to keep the salinity 

level in check as compared to open areas. Similar trend was 

observed in case of pH. The effect of irrigation regimes and 

landuse pattern on pH with pearlmillet crop was non-

significant. The change was minor in the pH value from its 

initial status. The decrease in soil pH might be due to the 

release of acidic root exudates. The reduction in EC is 

possible because of trees larger and deeper root system 

which provides channels for leaching of soluble salts away 
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Fig. 1. Average climatic pattern variables 

from rhizosphere. 

for one year (November 2015 to October 2016). Therefore, 

the changes are very less as far as soil reclamation is 

concerned. The values of pH in I  were little bit low while 3

compared with I and I . This may be directly ascribed to the 1 3

quality of irrigation water in addition to the landuse patterns.

Melia based agroforestry system

Plantation survival and growth: The effect of applied 

treatments on survival and growth increments in two year old 

Melia composita plantations was statistically significant 

except plant height and crown spread (Table 7) being highest 

(91%) in I  followed by I  (87%) and I (70%). The I  irrigation 2 1 3 2

treatment maintained its superiority over the rest of the two 

treatments in terms of all the studied growth parameters 

namely plant height, DBH, number of branches, length of 

longest branch and crown spread. The highest (249.2 %) 

percent increment was reported in DBH and minimum 

(15.8%) in longest branch parameter. The ascending order of 

the percent increment of all the growth parameters were 

DBH>crown spread>plant height>length of longest 

branch>number of branches. The trend of observed 

parameters can be linked with the silvicultural characteristics 

of Melia composita.

Variation in EC and pH was observed only 

Germination %age = -8.2898x + 77.091
R² = 0.80

0

20

40

60

80

100

0 2 4 6 8 10

G
er

m
in

a
ti

o
n

 %

EC  (dS/m)2

Fig. 2. Effect of salinity levels on Mustard germination (%) 
under Eucalyptus plantations
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Fig. 3. Correlation of soil salinity (EC ) with peralmillet yield in 2

Eucalyptus based agroforestry system

Growth and yield of intercrops

Mustard: The EC value of plots ranged from 1.05 to 7.44 

dS/m irrespective of irrigation regimes. The correlation of 
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Irrigation 
regimes 
(ECiw)

EC pH

LU1 LU2 Mean LU1 LU2 Mean

Landuse

I1 -1.66 -1.63 -1.64 -0.120 -0.08 -0.10

I2 -1.86 -1.83 -1.84 -0.170 -0.20 -0.19

I (Control)3 -0.73 -1.73 -0.73 -0.050 0.05 -0.05

Mean -1.42 -1.39 -0.113 -0.11

CD (p=0.05) I: 0.05
LU: 0.06
IxLU:0.05

I: 0.03
LU: 0.05

IxLU: 0.03

Table 5. Effect of irrigation regimes and landuse patterns on 
soil reclamation status in Eucalyptus based 
agroforestry system with mustard as intercrop 

Irrigation 
regimes 
(ECiw)

Yield/plot (kg) Yield/ha (q)

LU1 LU2 Mean LU1 LU2 Mean

Landuse

I1 7.00 6.31 6.66 7.04 6.35 6.70

I2 8.25 6.48 7.37 8.28 6.90 7.59

I (Control)3 5.65 5.65 5.65 5.60 5.60 5.60

Mean 6.96 6.15 6.97 6.28

CD (p=0.05) I: 0.10
LU: 0.15
IxLU:0.10

I: 0.13
LU: 0.0.18
IxLU: 0.13

Table 4. Effect of irrigation regimes and landuse pattern on 
peralmillet yield in Eucalyptus based agroforestry 
system 

Irrigation 
regimes 
(ECiw)

EC pH

LU1 LU2 Mean LU1 LU2 Mean

Landuse

I1 -1.08 -1.06 -1.07 -0.39 -0.30 -0.35

I2 -1.84 -1.63 -1.74 -0.42 -0.35 -0.39

I (Control)3 -0.73 -0.73 -0.73 -0.10 0.10 -0.10

Mean -1.222 -1.39 -0.30 -0.25

CD (p=0.05) I: 0.06
LU: NS
IxLU:NS

I: 0.04
LU: NS

IxLU: NS

Table 6. Effect of irrigation regimes and landuse patterns on 
soil reclamation status in Eucalyptus based 
agroforestry system with peralmillet as intercrop

2 germination and salinity was significant with R value of 0.75. 

There was consistent decline in germination percent from low 

to higher salinity levels (Fig. 4). So, it discerns from the 

correlation equation that EC value has direct effect on the 

germination. It is further observed that the mustard seeds 

germinated in the EC ranged from 1.05 to 6.0 dS/m. 

However, sporadic germination was observed beyond 6 

dS/m. The results are in line with the outcome of the Singh 

and Sharma (2016) that mustard can be germinated upto EC 

9.0 dS/m in soils and 12 dS/m with saline irrigation. It can be 

concluded from the experiment that for better germination, 

Irrigation regimes (ECiw) Establishment and % increment in growth attributes

Survival % Plant height DBH No. of branches Longest branch Crown spread

I1 87.0 30.5 250.7 20.5 16.3 75.0

I2 91.0 33.5 267.0 24.1 18.8 81.0

I (Control)3 70.0 22.6 230.0 15.0 12.3 67.0

Mean 82.7 28.9 249.2 19.9 15.8 74.3

SEd. 1.41 1.73 3.39 0.88 0.21 2.45

CD (p=0.05) 2.74 NS 6.58 1.64 0.41 NS

Table 7. Effect of irrigation regimes on establishment and growth of Melia composita plantations in saline soils

the EC value should be at low i.e. below 6.0 dS/m in field 

conditions.

The effect of irrigation regimes (I) and landuse patterns 

(LU) on germination percent, growth and yield parameters 

was statistically significant (Table 8 and 9). I gave better 2  

outcomes in terms of intercrop than I  and I . The plots in alley 1 3

gave the highest germination, growth and yield attributes 

than the plots in the open conditions. Similarly, LU  gave the 1

higher values of all the tested parameters namely 

germination (53.03%), average plant height (115 cm), 

average number of branches (7.28), average number of 

secondary branches (16.9), mean shoot length (41.2 cm), 

average number of pods per plant (170), yield per plant (25.6 

g), yield per plot (7.95 kg) and total yield (11.8 q/ha) than LU . 2

The order of interactional effect of applied treatments in 

terms of gains were as I +LU >I +LU >I +LU >I + LU >I  2 1 1 1 2 2 1 2 3

which clearly indicate the effect of irrigation regimes and 

landuse patterns. The higher yield under the Melia trees 

because of its sparse crown and deciduous nature which 

didn't interfere in the sun light availability (PAR).

Pearlmillet: Peralmillet yield was statistically significant with 

irrigation regimes and landuse patterns (Table 10). The 

highest peralmillet yield (6.42 q/ha) was recorded in the plots 

irrigated with best available water with low saline need based 

irrigation (I ) followed by I  (5.90 q/ha) and I  (4.0 q/ha). The 2 1 3
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Fig. 5. Correlation of EC  with Pearlmillet yield in Melia based 2

agroforestry system

yield was higher (5.54 q/ha) in LU  and lower (5.35 q/ha) in 1

LU . The interactional effect of applied treatments were 2

statistically significant and the ascending order of yield was 

like I +LU  I +LU >I +LU >I +LU >I . The yield was higher 2 1> 2 2 1 1 1 2 3

under the Melia trees than the in open plots in both the 

irrigation regimes. The reason for better yield under Melia 

trees may be due to synergistic effect on the intercrop. The 

results are in line with the earlier findings of the work carried 

out by Banyal et al (2016) to develop Melia composita based 

agroforestry systems for saline ecologies. 

A correlation was drawn between soil EC and peralmillet 
2 yield and the value of R was non-significant (0.23) but, it is 

clear from the equation line that the yield was higher in low 

salinity plots and decreased with the increase in the salinity 

level . The EC of plots ranged from 1.05 to 7.44 dS/m at the 

time of harvesting of the crop irrespective of irrigation 

regimes and landuse patterns. The equation line clearly 

infers that the soil salinity has direct effect on the peralmillet 

yield. Makrana et al (2016) has reported that successive 

increase in salinity levels decreased the peralmillet green 

fodder yield in saline soils.

Soil status: The effect irrigation regimes and landuse 

patterns was statistically significant for EC and pH values 

(Table 12 & 14). The highest reclamation observed in the 

plots irrigated with (I ) best available water and need based 2

low saline irrigation which gave low values of EC and pH. LU  1

outperformed over the LU  in reference of soil reclamation. 2

The minimum decrease in EC and pH was observed in 
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Irrigation regimes (ECiw) Yield/plant (g) Yield/plot (kg) Yield/ha (q)

LU1 LU2 Mean LU1 LU2 Mean LU1 LU2 Mean

Landuse

I1 34.1 8.95 21.5 7.07 3.92 5.50 15.4 6.52 11.0

I2 40.2 4.60 22.4 8.62 5.15 6.89 17.9 6.72 12.3

I (Control)3 2.50 2.50 15.5 8.15 8.15 8.15 2.00 2.00 2.00

Mean 25.6 5.35 7.95 5.74 11.8 5.08

SEd. I: 9.37
LU: 13.26
IxLU: 9.38

I: 5.85
LU: 8.27

IxLU: 5.85

I: 0.15
LU: 0.22

IxLU: 0.15

CD0.05 I: 16.7
LU: 23.6
IxLU:16.7

I: 10.41
LU: 14.72
IxLU:10.41

I: 0.27
LU: 0.38
IxLU:0.27

Table 9. Effect of varying irrigation regimes and landuse patterns on mustard yield in Melia based agroforestry system

Irrigation
regimes 
(ECiw)

EC pH

Landuse

LU1 LU2 Mean LU1 LU2 Mean

I1 -1.63 -1.56 -1.59 -0.12 -0.08 -0.10

I2 -1.83 -1.76 -1.79 -0.17 -0.20 -0.18

I (Control)3 -0.30 -0.30 -0.30 -0.30 -0.30 -0.30

Mean -1.25 -1.21 -0.20 -0.19

SEd. I: 1.41
LU: 0.03

IxLU: 0.02

I: 0.02
LU: 0.03

IxLU: 0.02

CD0.05 I: 2.51
LU: 0.06
IxLU:0.04

I: 0.04
LU: NS

IxLU: NS

Table 11. Effect of irrigation regimes and landuse patterns on 
soil reclamation status in Melia based agroforestry 
system with mustard as intercrop 

Irrigation
regimes 
(ECiw)

EC pH

Landuse

LU1 LU2 Mean LU1 LU2 Mean

I1 -0.53 -0.38 -0.45 -0.42 -0.35 -0.38

I2 -0.66 -0.48 -0.57 -0.47 -0.40 -0.44

I (Control)3 -0.13 -0.13 -0.13 -0.10 -0.10 -0.10

Mean -0.44 -0.33 -0.33 -0.28

SEd. I: 0.03
LU: 0.04

IxLU: 0.03

I: 0.02
LU: 0.03

IxLU: 0.02

CD0.05 I: 0.05
LU: NS

IxLU:0.05

I: 0.04
LU: 0.06

IxLU: 0.04

Table 12. Effect of irrigation regimes and landuse patterns on 
soil reclamation status in Melia based agroforestry 
system with peralmillet as intercrop

Irrigation regimes
(ECiw)

Yield/plot (kg) Yield/ha (q)

Landuse

LU1 LU2 Mean LU1 LU2 Mean

I1 10.8 10.0 10.4 6.12 5.69 5.90

I2 12.6 10.8 11.7 6.50 6.35 6.42

I (Control)3 4.00 4.00 4.00 4.00 4.00 4.00

Mean 9.13 8.28 5.54 5.35

SEd. I: 0.46
LU: 0.65

IxLU: 0.46

I: 0.18
LU: 0.25

IxLU: 0.18

CD (p=0.05) I: 0.82
LU: 1.16
IxLU:0.82

I: 0.32
LU: 0.45
IxLU: NS

Table 10.  Effect of irrigation regimes and landuse pattern on 
pearlmillet yield in Melia based agroforestry 
system 

control plots which were maintained as rainfed conditions. 

The individual effect of landuse as well as combined effect of 

irrigation regimes and landuse were statistically non 

significant in case of soil pH. The order of reclamation was 

I +LU >I +LU >I +LU >I + LU >I . The combined effects of 2 1 2 1 1 1 1 2 3

trees and crops are responsible for reduction in the EC and 

pH values. The planted trees and inter crops caused 

discernible changes in electrical conductivity (EC) and pH 

values of soil with respect to the irrigation (ECiw) and landuse 

(LU) pattern. The changes of EC and pH were less but 

showed the positive effect of treatments in reclamation 

process of soil.  The irrigation treatment I  was reported to be 2

better than the I  and control (rainfed condition) in both the 1

seasons in Melia based farming system. Best available water 

with need based saline irrigation (I ) with LU  and LU gave 2 1 2 

higher (-1.83 and -1.76 dS/m in mustard and -0.73 and -0.66 

dS/m in pearlmillet) and minimum (-0.3 in mustard and -0.13 
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dS/m in pearlmillet) reduction under rainfed conditions with 

the mustard as intercrop. The trend of soil reclamation was 

similar in mustard as well as peralmillet as intercrops with 

Melia trees. The trend of reduction in EC value is directly 

linked to the quality of irrigation water. This means that saline 

soils can be managed in effective and better way with the 

good quality water along with the trees.

CONCLUSION

Saline soils reclamation under the influence of trees and 

intercrops could be the viable option to increase the 

production function of these soils. The establishment of both 

the tree species especially Melia on such ecologies is the 

uniqueness of the developed agroforestry systems from 

others. The findings are only based on the initial trends and 

may differ with the passing time as trees get older. But, it is 

definite that the synergistic effect of trees and intercrops 

certainly make such soils of service use and results in the 

economical and ecological security of the farming 

communities facing the problem of salinity.  
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Effect of Abattoir Wastes on Selected Soil Properties
 in Ebonyi State Southeastern Nigeria

Indian Journal of Ecology (2018) 45(4): 850-853

Abstract: This research was conducted at Ebonyi State Southeasern Nigeria to evaluate the effect of abattoir wastes on soil properties. There 

was significant higher improvement in soil bulk density, total porosity, mean weight diameter, aggregate stability, pH, available P, total N, 

organic C, exchangeable bases & acidity, effective cation exchange capacity and base saturation in soil near abattoir sites than control. The 

order of improvement in soil properties studied was 1m-donkey > 1m-cow > 10m-donkey > 10m-cow. The improvement in soil properties is 

directly depended on the type of animal slaughter in an abattoir, that is why at distance of 1 m away from abattoir and 10 m away from abattoir, 

donkey abattoir showed higher improvement in soil properties when compared to cow abattoir.Therefore, the study recommended the used of 

abattoir wastes as soil amendment to increase soil productivity and as means of waste disposal and nutrient recycle.
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Nearly all abattoir houses in Nigeria are sources of 

wastes that need to be properly disposed to abate the 

menace these wastes poses to the environment 

(Adesemoye et al 2006). These wastes generated may be 

beneficial or pose a threat in soil when discharged into the 

soil medium. Butchering of animals in Nigeria is done in 

inappropriate vicinities and by unskilled staff without the 

knowledge of the sanitary regulations. The livestock waste is 

made up of rejected food materials, basically decomposed 

and undecomposed material contents; unwanted materials 

and some chemical components such as potassium, zinc, 

calcium and manganese etc (Ezeoha and Ugwuishiwu 

2011). The unsatisfactory conditions in which wastes are 

collected and disposed off contribute to environmental 

degradation in Abakaliki, Ebonyi State Nigeria. Waste 

disposal and poor management have been the major cause 

of environmental degradation, pollution and natural 

resources depletion with adverse social and health 

consequences on Nigerian urban environment. According to 

Omaka (2004) the presence of pollutant threatens natural 

systems (land, water, air, plants and animals). Land 

application of organic wastes such as animal wastes, 

sewage sludge and municipal solid wastes is an excellent 

way of recycling both the nutrients and the organic matter 

contained in them (Shima et al 2010). The addition of wastes 

to soil can improve the soil fertility by acting directly on its 

physical and chemical properties thereby increasing the 

activities of microbial biomass, improve soil structure, 

moisture content and aggregate stability. Therefore, the main 

objective of this research was to evaluate the effect of 

abattoir wastes on selected soil properties in Ebonyi State 

Southeastern Nigeria.

MATERIAL AND METHODS

Study area: The study was carried out in Ebonyi State, South 

Eastern Nigeria. The area lies approximately between 
0 ' 0 ' 0 ' 0 'latitude 06  14 and 06  30 N with longitude 08 0 and 08  15 E.  

The rainfall pattern is bimodal (April to July and September to 

November), with a quick dry spell in August normally referred 

to as “August Break”. It has annual rainfall of 1700 to 

2000mm and annual mean of 1800mm. Ebonyi State have 
omean daily temperature of 31 C. Humidity is high (80%) 

during rainy season and low (60%) during dry season. 

Geologically, the research site is sedimentary rock which is 

obtained from straight seawater retainer of the cretaceous 

periods and quaternary periods and remains within 'Asu 

River group', made up of olive brown sandy shale, small 

particles of mudstones and sandstone. The soil is not very 

deep with unconsolidated parent substances within 1 m of 

the sand uppermost layer. 

Sampling sites: A reconnaissance survey of the study area 

was carried out and the following sampling locations selected 

were: control – Non-dumpsite at Mile-4, 1m-donkey = 1m 

away from donkey abattoir wastes dumpsite at Ezzamgbo, 

10m-donkey = 10 m away from donkey abattoir wastes 

dumpsite at Ezzamgbo, 1m-cow = 1 m away from donkey 



abattoir wastes dumpsite at Abakalik, 10m-cow = 10 m away 

from donkey abattoir wastes dumpsite at Abakaliki, 

Soil sampling and analysis: Soil samples were collected at 

the depths of 0 – 20 cm using soil auger in January, April, July 

and October of study area. The undisturbed core soil 

samples were also collected.  Thus, the total auger and core 

soil samples collected for each location were replicated four 

times. 

Laboratory Analysis

Determination of physical parameters: Bulk density, Total 

porosity and Aggregate stability were determinedusing the 

method described by Landon (1991), Obi (2000). and  

Kemper and Rosenau (1986), respectively. 

Mean weight diameter (MWD):

MWD = mean weight diameter (mm), Xi = mean 

diameter of each size fraction (mm)

Wi = proportion of all the sample weight

Chemical properties of the soil: Soil pH, organic carbon, 

total nitrogen, available phosphorous, exchangeable bases, 

exchangeable acidity and effective cation exchangeable 

capacity were determined using a method described by  

Mclean (1982), Olsen and Sommers (1982), Bremmer and 

Mulvaey (1982), Olsen and Sommers (1982),  Chapman 

(1982), Jou, (1979) and Njoku and Mbah (2012). Base 

saturation was calculated as : TEB/ECECx100, Where; TEB 

= Total exchangeable bases, ECEC = Effective Cation 

Exchangeable Capacity.

RESULTS AND DISCUSSION

Soil physical properties: Bulk density, total porosity, 

aggregate stability and mean weight diameter showed 

significant differences among different locations studied.  
3The highest bulk density was 1.31 gcm  while the bulk density 

of soil near abattoir wastes ranged between 0.97 – 1.14. The 

order of increase in total porosity was control < 1m-donkey < 

10m-donkey < 1m-cow < 10m-cow. Improper management 

and supervision of the activities of abattoir operators in 

Nigeria is a source of great risk to soil physical properties 

such as bulk density, total porosity, mean weight diameter 

and aggregate stability (Adelegan 2002). Management 

practices such as burning animal residues increase bulk 

density, while practices such as addition of abattoir wastes to 

the soil decreases soil bulk density (Njoku et al 2015). 

According to Adelegan (2002), bulk density and total porosity 

of a soil gives an indication of soil health and strength, and 

thus the resistance the soil gives to the root of the crop 

penetration.  The soil bulk density was higher in control 

relative to other locations during the present study.  This may 

be as a result of dumping activities in the site which had 

reduced bulk density and increase total porosity of soils near 

abattoir waste dumpsites.  Low bulk density and higher total 

porosity can translate to better crop yield through increase in 

water transmissivity and root penetration (Adelegan 2002). 

The lowest mean weight diameter of 1.35% was in control 

and was lower than the mean weight diameter in 1m-donkey, 

10m-donkey, 1m-cow and 10m-cow by 37, 30, 90 and 83%, 

respectively. There was higher mean weight diameter 

(MWD) in soils near abattoir wastes relative to control. Soil 

mean weight diameter is a good index for measuring water 

transmission and reduction in water logging in soils. Control 

recorded the lowest aggregate stability of 21.60% while 

aggregate stabilities in soils near abattoir sites ranged 33.21 

– 42.58%. The significant higher values of aggregate stability 

in soil near abattoir wastes relative to control could be due to 

the binding power of organic matter in abattoir wastes in soil 

particles to form stable aggregates.

Soil chemical properties: Effect of abattoir wastes on soil 

chemical properties showed significant (p < 0.05) changes in 

the different locations studied (Table 2). The order of increase 

in soil pH was control <1m-donkey <10m-donkey <10m-

cow<1m-cow. Rabah et al (2010) also indicated reduction and 

increase in soil pH due to increase and decrease in organic 

matter content, respectively. Control recorded the lowest 
-1. available P value of 24.81 mgkg This observed available P in 

control was lower than available P in 1m-donkey, 10m-donkey, 

1m-cow and 10m-cow by 142, 41, 153 and 118%, 

respectively. The orders of increase of total N was control < 

10m-cow < 1m-cow = 10m-donkey < 1m-donkey, respectively.  

Control had lowest organic C value of 1.15% while organic C 

in soils near abattoir wastes ranged between 2.30 – 3.45%. 

The order of increase in C/N ratio was 10m-donkey < 1m-

donkey < control < 1m-cow < 10m-cow, respectively. Similarly, 

soils near abattoir sites recorded higher available P when 

compared to control. Neboh et al (2013) showed that abattoir 

soil had higher content of available P which is supporting this 

study.  Organic C, total N were higher in soils near abattoir 

wastes. This is because abattoir wastes are full of organic 

materials. Control recorded the lowest Ca value of 3.20 

 
å
=

n

i

xiwi
1

Location -3BD (gcm ) TP (%) MWD (%) AS (%)

Control 1.31 50.46 1.35 21.60

1m-donkey 1.14 56.98 1.85 40.69

10m-donkey 1.05 60.56 1.76 33.21

1m-cow 1.02 61.51 2.56 42.58

10m-cow 0.97 63.39 2.47 42.53

CD (p=0.05) 0.09 11.24 0.08 5.68

Table 1. Effect of abattoir wastes on physical property of soil 
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-1cmol kg  while Ca in soils near abattoir wastes ranged 3.60 – (+)

-16.40 cmol kg . The order of increase of Mg was control < (+)

10m-donkey < 1m-donkey < 10m-cow < 1m-cow. The lowest 
-1K value of 0.08 cmol kg   was observed in control. This (+)

observed K in control was higher than K in 1m-donkey, 10m-

donkey, 1m-cow and 10m-cow by 100, 113,   63 and 100%, 

respectively. The order of increase in Na was control < 10m-

cow < 1m-cow < 1m-donkey = 10m-donkey. 

The significant changes in TEB, EA, ECEC and BS 

among the different locations studied (Table 3). The order of 

increase in TEB was control < 1m-donkey < 10m-cow < 1m-
-1 cow. The lowest EA value of 0.18 cmol kg was observed in  (+)

control. This observed EA in control was higher than EA in 1m-

donkey, 10m-donkey, 1m-cow and 10m-cow by 967, 833, 144 

and 133%, respectively. Control had the lowest ECEC value 
-1 of 6.24 cmol kg while ECEC in the soils near abattoir wastes (+)

-1ranged between 8.49 – 10.65 cmol kg . The order of increase (+)

in BS was 1m-donkey < 10m-donkey < control < 10m-cow < 

1m-cow. Exchangeable bases were higher in soils near 

abattoir sites than control. These higher exchangeable bases 

in abattoir sites mighty have come from decomposed and 

mineralised abattoir wastes. Magnesium, sodium, calcium 

and potassium ions in soil are needed for the activation of 

many enzymes required in cell metabolic reactions in plants, 

whereas in excess, sodium ion for example can disperse fine 

materials via small holes by reducing water penetration and 

blocking plant root access and low levels of calcium salt in 

Location pH Available P 
-1(mgkg )

Total N 
(%)

Organic C
(%)

C/N 
Ratio

Ca Mg
-1(cmol kg )(+)

K Na

Control 5.00 24.81 0.11 1.15 10.45 3.20 1.65 0.08 0.13

1m-donkey 5.60 59.95 0.27 2.65 9.82 3.60 2.50 0.16 0.32

10m-donkey 6.35 35.05 0.25 2.30 9.20 4.85 2.40 0.17 0.32

1m-cow 6.65 62.70 0.25 3.45 13.80 6.40 3.20 0.13 0.27

10m-cow 6.50 54.10 0.19 2.69 14.16 6.00 3.00 0.16 0.26

CD (p=0.05) 0.45 0.73 0.08 0.18 2.32 0.59 0.26 0.04 0.05

Table 2. Effect of abattoir wastes on soil chemical properties 

Location TEB
-1(cmol kg )(+)

EA
-1(cmol kg )(+)

ECEC
-1(cmol kg )(+)

BS (%)

Control 5.05 0.18 6.24 82.13

1m-donkey 6.57 1.92 8.49 78.02

10m-donkey 7.74 1.68 9.42 81.93

1m-cow 10.21 0.44 10.65 95.52

10m-cow 9.42 0.42 9.84 94.77

CD (p=0.05) 0.13 0.11 0.28 4.01

Table 3. Effect of abattoir wastes on soil total exchangeable 
bases (TEB), exchangeable acidity (EA), effective 
cation exchange capacity (ECEC) and base 
saturation (BS)

increases risk of soil erosion (Norton et al 2002).

CONCLUSION

The abattoir wastes improved soil properties of 

Ezzamgbo and Abakaliki soils. The donkey abattoir wastes 

have higher positive effect than cow abattoir wastes.. Hence, 

the need to adopt abattoir wastes as soil amendment to 

improve soil productivity and as means of waste disposal and 

recycle. 
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Diversity of Insects in Sweet Gourd Field of Bangladesh

Indian Journal of Ecology (2018) 45(4): 854-857

Abstract: The study was conducted at Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur, Bangladesh during September 

2016 to June 2017 to observe abundance and diversity of insects in sweet gourd Cucurbita moschata. The sweet gourd cultivated in winter 

season revealed significantly shorter durations in production of more than one flower, fruit formation, fruit elongation, fruit maturation for 

harvest and fruit maturation for seed production compared to summer season. The pest, predator, pollinator and other category insects visited 

in the field showed significant difference in their abundance, richness and diversity, and the pests and predators were statistically similar and 

higher compared to pollinators and other category. In total 409 insects were collected of which 130 were in winter and 279 were in summer, and 

the insects in the order Coleoptera was most abundant in both the seasons. Of the total collected species, 11 species were pest and their 

relative abundance varied from 0.05 to 2.57 per 30 sweeps. In total 8 species of insects were predator and their relative abundance ranged 

from 0.24 to 2.24 per 30 sweeps. The pollinator insets showed the highest 
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and lowest abundance was at 09.00 and 13.00 h of the day, 

respectively both in winter and summer.  
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There are diversified insects of sweet gourd (Cucurbita 

moschata ) ecosystem from the germination to harvesting 

stage, but a few of these viz., red pumpkin beetle, fruit flies 

and hadda beetle are of serious concern. Lal et at (2014) 

reported that the fruit flies, snake gourd semilooper, pumpkin 

beetles, pumpkin caterpillar, stem borer, bottle gourd plume 

moth, stem gall fly and leaf miners are the devastating pests 

of cucurbits in India. In Bangladesh, fruit fly (Bactrocera 

cucurbitae Coquillett) is the most destructive insect pest of 

cucurbits which cause 21.0 to 71.5% infestation (Amin et al 

2011). Regular and prolonged monitoring of the abundance 

and diversity of pest and predator insects under different 

management situations and seasonal weather parameters 

provides necessary information to determine the conditions 

that favor the incidence of the pests. This information is 

extremely useful for taking preventive measures against pest 

outbreaks. The objective of this study was to assess the 

abundance and diversity of insects in sweet gourd field and to 

identify the pest and predator insects.

MATERIAL AND METHODS

The study was conducted at Bangabandhu Sheikh 

Mujibur Rahman Agricultural University (BSMRAU), 

Gazipur, Bangladesh during September 2016 to June 2017. 

The study site is located at 25°25' North latitude and 89°5' 

East longitude, which is in the middle of Bangladesh. The 

study area has a sub-tropical climate having annual mean 

maximum and minimum temperatures, relative humidity 
oand rainfall 36.0 and 12.7 C, 65.8% and 237.6 cm, 

respectively. 

Cultivation of sweet gourd: Sweet gourd (Cucurbita 

moscheta) was cultivated in 3.0 × 3.0 m plots in summer and 

winter seasons. Fertilizers were applied according to 

Fertilizer Recommendation Guide (FRG, 2012) (N- 120 kg, 

P- 70 kg, K- 40 kg, S- 20 kg per hectare). The sowing dates in 

winter and summer were 02 November 2016 and 15 March 

2017. Each plot contained 5 rows and each row had 5 pits 

apart from 60 cm. After emergence of seedlings the plants 

were supported by bamboo scaffold to facilitate creeping. 

Collection, identification and counting the abundance of 

insects: Free-living insects were collected by using a 30 cm 

diameter sweep net having 1.5 mm mesh and attached with a 

2 m long rod. Every week sweeping was done in between 

09:00 to 11:00 h of the day, and each sample was consisted 

of 30 sweeps. The collected insects were  identified  to genus 

or species level following morphological characters and 

compared to the museum specimens and were categorized 

as pest, predator, pollinator and other (unknown) category. 

Observation of the foraging time of pollinator insects: To 

find out the peak foraging time of the pollinators, data was 

collected for seven days at 07.00, 09.00, 11.00 and 13.00 h of 

the day during blooming of the plants. At every hour sweeping 

was done 30 times. The mean abundance of insects per 30 

sweeps at different hours of the days was calculated. 



Data analysis: The species richness (total number of 

species) and diversity (Simpson Index of Diversity (Simpson 

1949) were calculated and the data were analyzed by one 

way analysis of variance. All the analyses were performed 

using IBM SPSS 19.0.

RESULTS AND DISCUSSION

Duration for the flower initiation did not differ significantly 

but the other stages delivered significantly longer duration in 

summer compared to winter (Table 1). In summer, high 

humidity and high moisture content in the soil accelerated 

plant growth and encouraged its vegetative stage thus took 

longer time to attain reproductive phase. This finding showed 

agreement with Muungani et al (2007) who reported that 

pumpkin cultivars grew well under varied agro-ecological 

zones, soil characteristics, rainfall and temperature and 

exerted variations in growth, yield and fruit quality. The 

abundance, richness and diversity varied from 0.80 to 8.70, 

0.50 to 3.60 and 0.08 to 0.30 per 30 sweeps, respectively and 

the results differed significantly. The abundance of pests and 

predators were statistically similar and higher. The insects in 

other category revealed the lowest abundance, richness and 

diversity. The present study revealed variations in the 

abundance, richness and diversity among pest, predator, 

pollinator and other category insects. In total, 11 species of 

insects belonged to 9 families in 6 orders (Phasmida, 

Thysanoptera, Hemiptera, Coleoptera, Lepidoptera and 

Diptera) were designated as pest (Table 3). Their abundance 

varied from 0.05 to 2.57 per 30 sweeps and differed 

Plant growth stages Season

Winter 2016 Summer 2017

One flower 43.4 44.0

More than one flower 45.4 48.0

Fruit formation 54.8 64.2

Fruit elongation 58.4 67.6

Fruit maturation for harvest 89.8 94.8

Maturation for seed production 96.0 105.6

Table 1. Variations in the durations (mean ± SE days) of 
reproductive stages of sweet gourd cultivated in 
winter 2016 and summer 2017 

Parameter Pests Predators Pollinators Others

Abundance 8.70 6.40 5.80 0.80

Richness 3.60 3.20 2.95 0.50

Diversity 0.23 0.20 0.30 0.08

Table 2. Average abundance, richness and diversity of 
insects in sweet gourd field during winter 2016 
and summer 2017 

Means per insect group are taken from 30 sweeps per total collection. 

Fig. 1. Abundance of insects belong to different taxonomic 
orders found in the sweet gourd field during winter 
2016

Fig. 2.  Abundance of insects belong to different taxonomic 
orders found in the sweet gourd field during summer 
2017

Fig. 3. Abundance of pollinator insects in sweet gourd field at 
different hours of the day of winter 2016 and summer 

significantly. Among the pest insects, red pumpkin beetle and 

stick insect were statistically the highest and lowest 

abundance, respectively. Eight species of insects belonged 

to 7 families in 5 orders (Dictyoptera, Odonata, Orhoptera, 
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Pest Taxonomic profile Abundance

Epilachna beetle Epilachna duodecastigma (Coleoptera: Coccinellidae) 1.24

Red pumpkin beetle Aulacophora foveicolis  (Coleoptera: Chrysomalidae) 2.57

Flea beele Phyllotreta vittula (Coleoptera: Chrysomalidae)   0.81

Stick insect Phasmatodea sp. (Phasmida: Phasmatidae) 0.05

Rice bug Leptocorisa acuta (Hemiptera: Coriedae) 1.14

Cutworm Agrotis ipsilon (Lepidoptera: Noctuidae) 0.38

Thrips Thrips tabaci (Thysanoptera: Thripidae) 0.48

White fly Bemisia tabaci (Hemiptera: Aleurodidae) 0.05

Stink  bug Nezara virridula (Hemiptera: Pentatomidae) 0.10

Fruit fly Bactrocera cucurbitae (Diptera: Tephritidae)
Bactrocera dorsalis (Diptera: Tephritidae)

1.90
-

Table 3. Insect pests along with their taxonomic profile and relative abundance in sweet gourd field during November 2016 to 
February 2017 and March to June 2017 

Mean of each pest was taken from 30 sweeps per total collection

Predator Taxonomic profile Abundance 

Preying mantid Mantis regiosa (Dictyoptera: Mantidae) 1.14

Dragon fly Aeshna verticalis (Odonata: Aeshnidae) 0.43

Field cricket Brachytrypes portentosus ( Orthoptera: Gryllidae) 0.52

Damselfly Aeshna verticalis  (Odonata: Coenagrionidae) 0.24

Ant Formica rubra (Hymenoptera: Formicidae) 2.24

Lady bird beetle Coccinella septempunctata (Coleoptera:Coccinellidae)
Coccinella transversalis (Coleoptera:Coccinellidae)

1.20    
    -   

Ground beetle Calosoma scrutator (Coleoptera: Carabidae) 0.24

Table 4. Insect predators along with their taxonomic profile and relative abundance in sweet gourd field during November 2016 
to February 2017 and March to June 2017  

Mean of each pest was taken from 30 sweeps per total collection

Hymenoptera and Coleoptera) were identified as predator 

(Table 4). Their abundance varied from 0.24 to 2.24 per 30 

sweeps and the results differed significantly. Among the 

predators, ant revealed the highest abundance. Amin et al 

(2015) observed the insect species abundance in a mango-

based agroforestry containing cucurbitaceous vegetable 

(bitter gourd Momordica charantia) and kangkong Ipomea 

reptans as middle and lower storied crops. They reported that 

11 species of insects were found as pest which belonged to 5 

orders and 9 families, and 13 species of insects in 6 orders 

and 8 families were found as predator. The present study 

identified 11 species of insects as pest and 8 species as 

predator. Fayyaz et al (2016) collected a total of 212 insects 

belonged to 9 orders and 16 families from the sweet gourd 

field in Pakistan during July to November 2015. In winter 

season, a total of 130 insects were collected which belonged 

to 21 species of 20 families and 8 orders (Fig. 1). The 

percentages of insects in different taxonomic orders varied 

from 2.0 to 34.0. Among the taxonomic orders, Coleoptera 

was the most dominant followed by Diptera, Hymenoptera 

and Lepidoptera. The orders Orthoptera, Thysanoptera, 

Odonata showed insignificant abundance. In summer 

season, in total 279 insects were collected which belonged to 

22 species of 19 families and 10 orders. The percentages of 

insects in different taxonomic orders varied from 1.0 to 32.0. 

Among the taxonomic orders, Coleoptera was the most 

dominant followed by Hymenoptera, Diptera and Hemiptera 

and Lepidoptera. The orders Orthoptera, Thysanoptera, 

Odonata showed insignificant abundance. 

The present study showed that the insects in the order 

Coleoptera were most abundant both in winter and summer 

seasons. The insect abundance and the number of 

taxonomic order were higher in summer compared to winter. 

This indicated that the higher temperature and relative 

humidity in summer influenced on the growth and 

reproduction of insects. Higher temperature and relative 

humidity also activated the growth of the creepers and made 

them succulent and soft which were attractive to pest 

population. Namni et al (2017) observed that the insect 

species abundance was the highest in a mango based 

agroforestry in Bangladesh during April to May when the 

temperature and relative humidity were comparatively higher 
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and there was rainfall.  

The abundance of insects in sweet gourd field at different 

time of the day in winter and summer varied from 5.1 to 26.6 

and 4.9 to 33.7 per 30 sweeps, respectively and the results 

differed significantly. Insect abundance was the highest and 

lowest at 09.00 and 13.00 h of the day, respectively both in 

winter and summer. The peak foraging activity of the 

pollinators was observed at 09.00 h of the day because at that 

time most of the flowers opened and the air temperature and 

light intensity were sufficient for insect activity. The result 

obtained from this study could be useful baseline information 

for further research on insect diversity, relative abundance of 

beneficial and harmful insects and control of insect pests in 

sweet gourd field.
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Biomonitoring Persistent Organic Pesticides Residues in 
Indonesian Farmers and Agricultural Products

Indian Journal of Ecology (2018) 45(4): 858-865

Abstract: Persistent Organic Pesticides have been banned for decades. Nevertheless, they are still being detected in environmental 

matrices. This study aimed to investigate the existence of some POPs in farmer blood and crops in Pati Regency, Indonesia. Blood samples 

from 59 farmers were monitored. This study revealed the existence of lindane residue mostly in chillis, heptachlor and aldrin with the highest 

level in shallots, dieldrin mainly in red peppers, endosulfan in cucumber, and DDT  in shallots.  Heptachlor, aldrin, dieldrin, and DDT were 
-1detected in farmer blood with average concentration of 4.48, 3.79, 8.70, 4.81 ng.g , respectively.  In conclusion, concentration of ∑POPs in 

-1 -1crops ranged from 11.5 to 802.4 ng.g  and from ND to 123.9 ng.g  in blood. In Indonesia, very little human biomonitoring data on toxic chemical 

are available. This study suggested the main pathways of exposure of farmers to POPs were through contaminated vegetable intake and 

directly through POPs application.

Keywords: Persistent organic pesticides, Crop residue, Farmer exposure, Agricultural product 
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Since 2001, the Stockholm Convention has encouraged 

the world to protect the environment and human health from 

persistent organic pollutants exposure. There are many 

chemicals have been included in this group, and some of 

them are pesticides namely aldrin, chlordane, 

dichlorodiphenyltrichloroethane (DDT), dieldrin, endrin, 

heptachlor, hexachlorobenzene, mirex, toxaphene, 

endosulfan, and lindane. These kinds of pesticides have 

been prohibited since 1971 and no exception for agriculture 

purpose due to their persistence and resistance to 

biodegradation characteristic (UNEP 2008). Despite the ban, 

they were still found around the world in water, soil, and 

sediment (Kafilzadeh et al 2012, Kuranchie-Mensah et al 

2012, Yadav et al 2015).

In Indonesia, although they have been banned for 

agricultural purposes since 1983, many are still in use even 

today. These include aldrin, DDT, endrin and heptachlor. 

Their use is indicated by the presence of pesticide residues in 

the environment include water, sediment, and biota 

(Falahudin and Munawir 2012, Sudaryanto et al 2007). Even 

HCB and mirex which were never registered with the 

Indonesian government have also been found (Sudaryanto 

et al 2007). This condition was consistent with the results of 

studies on paddy field irrigation water in Pati, Magelang, and 

Brebes districts. Besides organophosphate and carbamate, 

pesticide residues of organochlorines-one of POPs group, 

namely ã-BHC (lindane), aldrin, dieldrin, heptachlor, and 

endosulfan were also present (Deptan 2007). Another study 

in West Java indicating the on going use of seven POPs: 

lindane, heptachlor, aldrin, endosulfan, DDT, dieldrin and 

endrin, in the skin pads used by farmers while spraying 

(Maulidiniawati and Oginawati 2013). In addition to the 

current use of POPs, their presence may also be due to past 

use, because of their long persistence.

POPs are easy accumulated not only in the environment 

but also in body tissue and have been detected in human 

adipose tissue, blood, umbilical cord, and breast milk 

(Subramaniam and Solomon 2006, Lee et al 2007, Herrero-

mercado et al 2011, Wang et al 2013, Dewan et al 2013, 

Elbashir et al 2015) and this can result in many health 

problems. Exposure to POPs is one risk factors for diabetes 

(Cox et al 2007, Lee et al 2008, Chunxiang et al 2010), 

metabolic syndrome (Lee et al 2007), heart diseases (Ha MH  

Jacobs 2007) and obesity (Lee et al 2011, Min et al 2011, 

Dirinck et al 2011). Several studies also suggested that 

POPs acted as hormone-disrupting compounds (Mnif et al 

2011, De Coster and van Larebeke 2012). Commonly, the 

main source of POP exposure is from the intake of food that 

contains POPs, especially vegetables. Vegetables may 

contain POP due to purposive application or from residue 



accumulated in the environment, and absorbed by the 

vegetables (Zhang et al 2015, Florence et al 2015). 

Vegetables are a substantial element in the human diet, 

rarely absent from daily menu. Determining the presence of 

POPs in crops and human blood is a crucial biomonitoring 

activity for estimating level exposure of POPs and this may 

useful for assessing the health risks from POPs exposure. 

However, data related to toxic chemicals in human samples 

is very rare in Indonesia. The purpose of this study was to 

describe the presence of seven POPs in vegetables that are 

produced and frequently consumed by farmers in Pati 

district, Indonesia and to evaluate POP levels in the blood of 

the farmers.

MATERIAL AND METHODS

This study has been approved by the Ethical Committee 

of the Public Health Faculty University of Indonesia. All 

participants signed an informed consent before joining this 

study. The study was conducted in Pati District, Central Java, 

Indonesia and covered four villages: Ngurensiti , Bumiayu, 

Sukorukun and Sriwedari. These villages were selected 

purposively based on the high level of pesticide use. Sixty 

farmers were chosen randomly from a group of farmers as 

participating in this study. Seven organochlorine pesticides 

were monitored, videlicet aldrin, endrin, lindane, dieldrin, 

heptachlor,  endosulfan, and DDT. Blood samples (5 cc) were 

obtained from 60 vegetable farmers and were transferred to 

non-heparinized tubes and maintained at 4°C in cool box.  To 

separate the serum, the blood were centrifuged at 1000×g for 

15 min and kept at -20°C until extraction. Out of 60 blood 

samples, one sample was not included in the analysis due to 

coagulation. A total of 20 vegetables were included in the 

analysis, comprising of red peppers, chilies, green beans, 

eggplants, water spinach, cucumber, tomatoes and shallots. 

These commodities were produced and frequently 

consumed by the farmers. Out of 60 farmers selected for 

blood sampling, 20 farmers were randomly selected for 

vegetable sampling. These vegetable samples were 

collected from vegetable fields of those 20 farmers and 

brought directly to the laboratory. The blood and vegetable 

samples were analysed in the laboratory of Indonesian 

Agricultural Environment Research Institute (IAERI). 

Reagents and Materials: POPs standards of aldrin (99.3%), 

endrin (99.2%), lindane (95.5%), dieldrin (99.5%), heptachlor 

(99.5%), endosulfan (99.5%), and DDT (99.2%) were 

purchased from ChemService. N-hexan, methanol and other 

solvents were analytical grade and obtained from Merck. The 

POPs analysis employed gas chromatography (Varian Type 

450-GC) coupled with electron capture detector (GC-ECD) 

and column VF 1701 30 m length x 2.5 mm. 

Extraction, Clean-up, Analysis

Analysis of POPs in vegetables: The analysis to identify 

POPs in vegetables was performed using gold standard 

methods established by the Commission on Pesticides of the 

Indonesian Government (Komisi Pestisida 1997). Vegetable 

samples 15 gm each were chopped into small pieces, 

inserted into the paper tube Soxhlet, extracted using 100 ml 

methanol on a pedestal soxhlet. The extraction ran for 6 

hours at 80°C and was then concentrated in the rotary 

evaporator at a temperature of 45°C. Pesticide residues 

obtained from the evaporation were transferred into a 150 ml 

separating funnel with the aid of 25 ml n-hexane, then 

extracted three times with 25 ml acetonitrile solvent. The n-

hexane layer was at the top while the acetonitrile layer was 

underneath. The acetonitrile layer extract was then 

concentrated on the rotary evaporator at 45°C. The 

concentrated extract then was dissolved in 5ml of n-hexane 

solvent, put in a chromatography column and eluted with the 

eluent mixture of n-hexane and methanol (9 + 1). The eluate 

with insecticide residues was collected in a 125 ml tube, 

concentrated until almost dry, then put into a test tube with 

acetone up to a volume of 5 ml. POPs residues were 

determined from this solution using a gas chromatograph 

equipped with an Electron Capture Detector (GC-ECD). 

Analysis of POPs in blood: Blood samples analysis were 

based on method used by Burse (Burse et al 1990). One  ml 

of serum was extracted using methanol. The extract was 

eluted through a florisil column and extracted using 

dietilether in petroleum ether. The extract was collected in 

aflorentin tube and concentrated by means of a Buchiiro to 

vapor (to approximately 0.5 ml). The eluent was dissolved 

with 2 ml of hexan and injected into the GC-ECD for POP 

residue determination.

RESULTS AND DISCUSSION

POPs in vegetables crops: The gas chromatograph 

analysis revealed the existence of endosulfan (100%), DDT 

(100%), dieldrin (85%), heptachlor (70%), aldrin (65%), and 

lindane (55%) in the vegetable samples (Table 1). The most 
-1dominant POPs in the vegetables was DDT (462.4 ng.ml ) 

concentrated in shallots. The mean level of DDT in five 
-1samples of shallots was 323.98 ng.ml . The concentration of 

-1 -1 DDT ranged from <16 ng.ml  to 462.4 ng.ml (Table 1).  This 

was followed by heptachlor and lindane).  For dieldrin, the 
-1highest concentration was 164.6 ng/ml  which was detected 

-in red peppers with an average concentration of 100.7 ng.ml
1. Endosulfan was also discovered at the highest level in red 

-1peppers up to 39.8 ng.ml . Lindane was found only in red 

peppers, chilis, and tomatoes. In water spinach and 

eggplants, endosulfan and DDT only present in very low 
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concentrations. All of the vegetable samples were 

contaminated by more than one POP. Half of the samples 

contained five kinds of POPs while six POPs were in 25% of 

the samples (red peppers, green beans, and chillies) (Fig. 1). 

However, DDT was in very less amount in red peppers and 
-1chilis with concentration below of 16 ng. ml . Only two kinds 

of POP were detected in the water spinach and eggplants 

samples.

POPs in blood: The analysis of the blood samples revealed 

the presence of dieldrin, heptachlor, aldrin, DDT, and 

endosulfan. Out of the seven monitored POPs, only lindane 

and endrin were not detected in blood samples.  Dieldrin was 

the most common compound detected in the blood samples 

(44.10%) with concentration levels ranging from <9 to 49,9 
-1ng.ml . The concentration of heptachlor ranged from 7.44 to 

-1 27.60 ng.ml and was present in 20.70% of blood samples. 
-Aldrin was detected in concentration from 6.1 to 107.5 ng.ml

1. Finally, DDT was in 6.80% of blood samples in 
-1 concentration of 47.1 to 103.3 ng.ml (Table 2). There was no 

overall trend visible when the concentrations were classified 

according to the age of the farmers (Fig. 3). The mean 

concentration of heptachlor was higher in the younger farmer 

group. On the contrary, the average concentration of dieldrin 

was higher in the older farmer group. The statistic analysis, 

using Mann-Whitney U indicated that there were no 

significant difference in heptachlor and dieldrin 

concentrations among the age groups (p-value>0.05). When 

the farmer samples were grouped based on length of work 

experience, the highest level of heptachlor was found in 

farmer who had worked for less than ten years (Fig. 4). 

Meanwhile, dieldrin (Fig. 6) was detected at the highest level 

in the farmers with 25-30 years of working as farmers (49.9 
-1ng.ml ). Overall, there was no significant difference in POP 

concentrations among the four working period groups. More 

than one POPs compounds were detected in the blood of 

some farmer. There were 22% of farmer blood samples 

containing two POPs and 8.5% containing three POPs (Fig. 

2). 

The various POPs in the crops and human blood in the 

current study give clear evidence that despite the ban of their 

Vegetables (n=20) Lindane Heptachlor Aldrin Dieldrin Endosulfan DDT

Shallots (5) Mean ND 90.38 86.86 65.46 13.34 323.98

Range <32-227.2 74.6-114.4 <45-137.4 <7-13.5 168.6-462.4

Red peppers (5) Mean 79.38 18.3 24.125 100.7 16.8 <16

Range <11-217.7 <32-36.6 ND-96.5 <45-164.6 9.1-39.8

Chilis (1) 134.2 66.6 <56 <45 8.4 <16

Green beans (4) Mean 91.03 17.85 11.225 <45 12.875 116.95

Range <11-216.5 ND-35.7 ND-29.9 10.3-14.7 <16-162.5

Water spinach (1) ND ND ND ND <7 <16

Cucumbers (1) ND <32 <56 <45 17.7 <16

Egg plants (2) Mean ND ND ND ND 8.2 <16

Range <7-8.2

Tomatoes (1) 29.1 ND <56 <45 <7 <16

Detection frequency (%) 55 70 65 85 100 100

-1Table 1. Persistent organic pollutants residue level (ng.g ) in vegetables samples

ND : Not Detected           

POPs n
1% ≥LD 2GM 3SD Min Percentiles Maximum

25 50 75 90

Heptachlor 58 20.70 11.26 1.48 7.40 7.77 11.10 14.18 23.79 27.60

Aldrin 59 11.90 16.97 3.18 6.10 7.10 9.30 70 107.50

Dieldrin 59 44.10 17.50 1.63 9.00 11.65 16.15 26.23 36.28 49.9

DDT 59 6.80 67.60 1.43 47.10 48.93 66.65 97.20 103.30

Lindane 59 0 ND ND ND ND ND ND ND ND

Endosulfan 59 0 ND ND ND ND ND ND ND ND

-1Table 2. POPs blood level (ng.ml ) of farmers

1 , 2 , 3 Level of detection The value is reported as geometric mean (GM) Standard deviation
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Country Sample Heptachlor Aldrin Dieldrin DDT Reference

Mean Median Range Mean Median Range Mean Median Range Mean Median Range

Tunisia Pregnant 
women

- - - - - - 0.91 - ND-
73.6

Ennaceur 
and Driss 
2010

Tunisia men ND ND ND ND 213.1 166.1 - Ben Hassine 
et al 2014

Cina, 
Shanghai

Pregnant 
women

0.10 0.07 - 0.14 0.04 - 0.14 0.11 - 0.25 0.11 - Cao et al 
2011

Mexico 9.1 5.6 Waliszewski 
et al 2012

Mexico  Men 1.74-
4.40

2.94 - ND ND ND Ruiz-Suárez 
et al 2014

Pakistan Various 
population

- - - 0.92 - 0.19-
0.92

0.68 - 0.14-
0.68

a1.13 - 0.3-
1.13

Saeed et al 
2017

Hokkaido Pregnant 
women

  - - - -4<7.10 -
-4<7.10 -

-41.3.10

-4180.10 -
-458.10 - a0.023 -

-456.10 -
0.12

Kanazawa 
et al 2011

Sudan General 
population

- - - - - - 5 - ND-19 35 - 9-174 Abdelbagi et 
al 2015

India Women - - - - - - - - - 1.5 - - Dewan et al 
2013

South 
Africa

Women 2.6 - 2.2-
3.0

- - - - - - 0.8 0.4-2.4 Röllin et al 
2009

Table 3. POPs concentration in some countries

ap'p DDT

use, these chemicals are still applied in agriculture. The 

current use of POP is also indicated by the fact that overall 

POPs concentrations were higher in younger farmers with 

shorter period of work experience. In addition, the POPs may 

come from past residues. Environmental elements, including 

the soil, water, and sediment in this region have had also 

been contaminated (Hadi et al 2009, Ardiwinata and 

Nursyamsi 2012, Suryono et al 2015). The soil residues may 

have been absorbed by the plants. They continuously 

contaminated the vegetables. Plants have the ability to take 

up POP residues in contaminated soil and accumulate them, 

depending on the characteristics of the soil and the plants. 

This accumulation may happen through various pathways 

(Donnarumma et al 2009, Yu et al 2013, Zhang et al 2015). 

The farmer's blood could contain these compounds from 

contaminated vegetables as well as from their contact with 

POPs during application. The results indicates that these 

persistent and dangerous chemicals are ubiquitous and 

threaten human health. 

This study was supported the prior research on crops 

collected from the traditional market in three big cities in 

Indonesia (Shoiful et al 2013) which indicated the existence 

of aldrin, dieldrin, DDTs, hexachlorocyclohexane (HCH), 

heptachlor, hexachlorobenzene (HCB) were detected in the 

food stuff even though in low concentration. It was suggested 

that the low concentration resulted from intensive usage in 

the past time. Comparing with similar studies elsewhere, 

DDT residue in the onion and beans in current finding (323.98 
-1and 116.95 ng.g ) was significantly higher than in China 

-1 which found it <0.01 ng.g (Owago et al 2009). In contrast, the 
-1mean level of DDT in pepper (<0.16 ng.g )  was lower than in 

-1that study (4.04 ng.g ). In the other study which analyzed 

DDT residue in five vegetable oils, the mean amount of DDT 
-1residue ranged from 40 to 895 ng.g  (Battu et al 1980). For 

tomato, eggplants and water spinach, the DDT residue was 

conformable to the cases from  India (Kumar and Mukherjee 

2012, Pathak et al 2016) and Ghana (Bempah et al 2012). 

Likewise, aldrin residue concentration in pepper has no 

significant different with those places which were around 20 
-1 -1ng.g . For dieldrin, the residue level of pepper (100.7 ng.g ) 

-1was twice greater than in Ghana (58 ng.g ). Lindane mean 
-1level of tomato (24 ng.g ) was higher than in Togo (0.002 

-1ng.g ) (Kolani et al 2016). The heptachlor concentration in 
-1the case in Togo was <0.001 ng.g , slightly higher than in this 

case, which was not detected. It is rather difficult to make 

comparisons with other studies because of differences in the 

types of analysed vegetables.

When the POPs concentration in this study was 

compared with recommended maximum residue limits 

(MRLs) established by WHO/FAO(WHO and FAO 2016), 
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Fig. 1.  Amount of POPs in each vegetables sample
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Fig. 2. Amount of POPs in each blood samples

Fig. 3. Heptachlor level by age, in blood of farmers

Fig. 4. Level of heptachlor by working periods, in blood of farmers

Fig. 5. Dieldrin level by age, in blood of farmers

Fig. 6. Dieldrin level by working periods, in blood of farmers

majority of the samples were below the MRLs. Similarly, with 

the MRLS set by Indonesian Government under Indonesian 

Nasional Standard Number 7313:2008 (BSN 2008) and 

Indonesian Minister of Agriculture Regulation (Kementan  

2015). There was only one sample of shallots contaminated 
-1by aldrin (114.4 ng.g ) which was higher than the MRLs (100 

-1ng.g ). Furthermore, dieldrin concentration in the same 
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-1sample of shallot (137.4 ng.g ) and in one red pepper (164.6 
-1ng.g ) was also higher than the MRLs. Although most of the 

samples contained POPs level lower than the MRLs, many of 

them were greater than Acceptable Daily Intake (ADI) value 

(WHO and FAO 2015). ADI for lindane, heptachlor, 

endosulfan, DDT, aldrin and dieldrin are 0-0.005, 0.0001, 

0.006, 0.01, and 0.0001 mg/kg bw, respectively. This current 

result on blood analysis are in agreement with the previous 

study that found POPs residues in the majority of blood 

samples of farmers from other regions in Indonesia; Ciancur-

West Java. The maximum concentration of lindane, DDT, 

endosulfan, heptachlor, endrin, aldrin, and dieldrin in that 
-1 -1 -1 -1study were 56.20 ng.ml , 56 ng.ml , 35.4 ng.ml , 28.8 ng.ml , 

-1 -1 -1 28.1 ng.ml , 22.2 ng.ml ,19.4 ng.ml respectively 

(Wispriyono et al 2015). 

Comparing with the similar studies from others countries, 

concentrations of DDT in blood of current study were greater 

than that in women in Shanghai (Cao et al 2011),  Hokkaido 

(Kanazawa et al 2011) and India (Dewan et al 2013), but 

significantly lower than that in people from South Korea  (Park 

et al 2010), Mexico (Waliszewski et al 2012), Hong Kong 

(Wang et al 2013), Tunisia (Ben Hassine et al 2014) and 

Sudan (Abdelbagi et al 2015).Concentration of heptachlor in 

the current study was higher than that in the blood of people 

from Mexico (Ruiz-Suárez et al. 2014) and women from South 

Africa (Röllin et al 2009). Furthermore, aldrin concentration of 

blood was more than that in the study reported in Pakistan 

(Saeed et al 2017). Lindane was not detected in this study but 

it was found in Bangladesh (Zamir et al 2009), Hokkaido 

(Kanazawa et al 2011) and Sudan (Abdelbagi et al 2015).

To assess the influence of age, the samples were 

categorised into four age group and compared by Kruskal-

Wallis test. The finding was not consistent with the previous 

studies that found the significant relationship between age 

and the POPs concentration in blood of people from India 

(Mishra et al 2011), Japan (Kanazawa et al 2011), and 

Hongkong (Wang et al 2013). The disagreement was caused 

by the tendency of increasing concentrations of POPs with 

age in the previous studies, meanwhile the concentration of 

some POPs in the current study was higher in the younger 

age. This strongly suggested that the existence of POPs in 

the blood of Indonesian people was generated by the current 

use of POPs while in those countries, it was more contributed 

by the former use. This idea is supported by the fact that the 

POPs concentration was higher in the shorter working 

period. There is no study that observed the effect of working 

period to the concentration of POPs found. Hence, no 

comparison about this variable. 

From the observation of POPs existence in crop and 

farmer blood in this study and the existence of the POPs in 

the environmental matrices of the previous study, it indicates 

that the main pathways of POPs exposure is the 

consumption of contaminated vegetables as well as POPs 

application during mixing and spraying. From the interview 

with the farmers, it was obtained information that there were 

no active ingredients of POPs in the pesticides they used. 

Thus, despite the ban of POPs, they are distributed illegally.

CONCLUSIONS

It was revealed that concentration of ∑POPs in crops 
-1ranged from 11.5 to 802.4 ng.g . Highest concentration was 

detected in shallots, and the lowest was in water spinach. 

Concentration of POPs in blood of farmers ranged from ND to 
-1123.9 ng.g . Age and working period were not correlate with 

POPs concentration. Albeit the sample in this study was 

limited, the data provide adequate evidence for contribution 

on POPs monitoring program. 
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Lead Content in Soil, Water, Forage, Grains, Organs and the 
Muscle Tissue of Cattle in Western Siberia (Russia)

Indian Journal of Ecology (2018) 45(4): 866-871

Abstract: The contents of lead in soils, water, forage, grain, organs and muscle tissue of cattle were studied in two ecological zones of the 

Novosibirsk region differing in dominating of cattle breeds: Hereford (meat breed) and White-and-Black (dairy breed). The lead concentration 

in soils, forage and grain was determined using flame atomic absorption spectrophometer (Quantum-2A). The amount of lead in soils, forage, 

grain and water did not exceed the maximum permissible concentrations (MPC). Lead level in forage and soils did not differ between the 

zones. The analysis of organs and muscle tissue on the content of lead was carried out by atomic absorption method (spectrophotometer 

Shimadzu AA-7000). Average levels of lead were established for liver, kidneys, spleen, lungs and muscle tissue of the White-and-Black and 

Hereford breeds. The maximal content of lead was in liver of both breeds studied. The differences in the content of lead in lungs, liver and 

spleen have been revealed between the breeds. Considering the content of lead in the soil, roughage, grain, water, and in meat and 

byproducts, the territory of Western Siberia is suitable for ecological safe production. 

keywords: Lead, Soil, Water, Forage, Grain, Organs, Hereford, White-and-black breeds, Western Siberia
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The analysis of data on the content of lead in different 

biosphere components done by Kabata-Pendias (2011) has 

shown that an average background of lead content in earth 

crust is 15 mg/kg and in soils of the world 27 mg/kg varying 

from 18 to 32 mg/kg. The lead concentration in agricultural 

soil all over the world is in the range of 20-300 mg/kg, and in 

Europe50-300 mg/kg which is caused by a large lead 

deposition to soil with fertilizers and anthropogenic 

emissions. The lead concentration in river water varies in the 

range of 0,007-3 g/l (Kabata-Pendias 2011). The natural level 

of lead in crust is about 13 mg/kg, but there are areas with 

higher concentration. Lead level in magma and sedimentary 

rock is in the range of 10-20 mg/kg. The lead level of sand and 

carbonaceous shale is over the range 10 mg/kg to 70 mg/kg. 

The lead level of the phosphorite may reach more than 100 

mg/kg (IPCS 1989, ATSDR 1999). The lead concentration in 

the topsoil is conditioned by the deposition and accumulation 

of the atmospheric lead particles from anthropogenic 

sources (NRC 2005). The lead concentration in the water 

varies greatly depending on the pollution, pH, salinity, and 

organic content.

In sea water and most surface and ground waters, the 

concentration of dissolved lead is low because lead forms 

carbonates, sulfates and phosphates that have low water 

solubility and precipitate out. Most of the remaining lead is 

removed by means of appropriate methods of water 

purification (NRC 2005). The entry of lead into the food chain 

can create health risks. There is data concerning a possible 

essential need of lead for live organisms. Lead has wide toxic 

effects on the body. It causes neurotoxicity, nephrotoxicity, 

gametotoxicity, hepatotoxicity, mutagenicity, carcinogenicity, 

and the metal has a negative effect on the musculoskeletal, 

reproductive, cardiovascular and digestive systems (EFSA 

2010, ATSDR, 2007). The physiological mechanisms of 

manifestation of lead toxicity are determined by its ability to 

interact with proteins and modify their functions to inhibit or 

mimic the action of calcium to replace the zinc as cofactor of 

enzymes and cause oxidative stress (Hsu, Guo 2002). The 

biomonitoring of the lead content and other heavy metals in 

water, soil, forage and food has been conducted in Siberia 



(Il'in et al 2000, Chysyma et al 2003 a, b, Marmuleva et al 

2003, Syso 2007, Korotkevich et al 2014, Petukhov et al 2016 

a, b, Konovalova et al 2017, Narozhnykh et al 2017). 

Environmental pollution caused by heavy metals can 

influence the quantity and the quality of production and 

resistance of farm animals to diseases and genetic structure 

of populations (Miller et al 2013, Petukhova 2013, Narozhnyh 

et al 2013, 2016, Soloshenko et al 2016, Osadchuk et al 

2017, Sebezhko et al 2017, Skiba et al 2017, Syso et al 2017, 

Tsygankova et al 2017).

Therefore, a necessary and promising line of 

investigation in monitoring of ecological parameters of 

agricultural lands is to assess the level of heavy metals in 

soils, vegetative forages, organs and tissues of animals as 

important indicators. The aim of this work is to study the lead 

content in soils, water, forage, grains, organs and muscle 

tissue of Hereford and White-and-Black cattle reared in 

Western Siberia.

MATERIAL AND METHODS

Eighty five sample each of soil, forage and  grain were 

taken for the research in two zones. Sixty four were taken 

from zone 1, with a high level of agro- and technological 

impact on the environment in the area located in the Eastern 

part of the region with the dominance of mold humus and gray 

forest soils (Maslyaninsky, Krasnoozersky, Novosibirsk 

regions). Twenty one samples of were taken from zone 2, 

with low level of agro-and technological impact on the 

environment in the area, which is located in the Central part, 

where there are soils with high salinity and moisture in the low 

geomorphological structure (Ubinskiy region). The hay and 

straw samples stored in stacks and ricks were manually 

selected around the perimeter of the stacks and ricks at equal 

distances from each other at a height of 1.0-1.5 m from the 

ground surface with depths of 0.5-1.0 m, weight 0.3-0.5 kg 

from each of the stacks and ricks. The samples were 

combined to prepare a 2 kg average sample for analysis.

The grain samples were taken from different layers 

(upper, middle and lower) and in the center of some grain 

containers stored in the warehouse, each sample weighing a 

0.8-1.0 kg in all 5-7 samples. The obtained spot samples 

were thoroughly mixed and the overall sample was received, 

it was laid out in a square on a smooth surface and divided 

diagonally into four triangular sections, two of them were 

removed, and the other two amounted to an average sample 

weight of 0.5-1.0 kg after a few shuffles. The soil samples 

were taken from five sites from the layer 0-20 cm, where the 

feed was grown. 5-7 individual soil samples were selected on 

each site and the average sample was done from mixtures of 

them. The total lead content in soil, forage and grain was 

determined after decomposition of samples with a mixture of 

mineral acids in a steam autoclave. Water samples from 

domestic water supplies including livestock watering, were 

selected in zip-lock plastic bags. For preparation of samples 

for analysis, the water was evaporated to 10% in a quartz 

glass with 2-3 ml of concentrated nitric acid to wet salts, 

which were then dissolved by double distilled water up to 25 

ml. Measurements of lead in the resulting solutions were 

performed by atomic absorption (spectrophotometer Kwant-

2A).

Three hundred samples of organs (liver, kidney, spleen, 

lungs) and muscle tissues (from the diaphragm) with a mass 

of about 100 g each were taken from 62 Hereford and White-

and Black bulls at age of 18 months. Meat cattle of Hereford 

breed were grown in zone 1, and dairy cattle of White-and-

Black breed - in zone 2. The samples were frozen at the day 
0of slaughter and stored at a temperature of -24 C until 

analysis. The concentration of lead in organs and muscle 

tissue was determined by flame atomic absorption 

spectrophotometer (AAS) (Shimadzu AA-7000). Sample 

preparation for analysis was performed by dry mineralization. 

The wet sample weighing 100 g was homogenized, 
0 transferred to a quartz ñup and dried at 60-70 C to constant 

weight. 

A sample of 3 g was taken from the dry assay, which had 
0been incinerated in a muffle furnace at 250 C, and then 

0 0 increasing temperature 50 C every 30 min to 450 C, 

continued 2-3 hours before obtaining gray ashes. The cup 

with ashes was taken out from the furnace after cooling. The 

ash content was processed with hydrogen nitrate and dried 

on an electric tile until the ashes turned white. They were then 

diluted in 25 ml of the double distilled water. This solution was 

used for the analysis. 

Statistical analysis: The original data on the lead content 

were tested for normality of distribution with the Shapiro-Wilk 

test. In most cases, the distribution didn`t correspond to the 

normal. Therefore, for statistical analyses we used the 

approach developed for small number of samples without a 

normal distribution (Hozo et al 2005).

n – selection size; a – minimum value of a sign; b – maximal 

value of a sign; m – median.

Statistical data processing was carried out using the software 
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STATISTICA 6.1 and Microsoft Excel. 

RESULTS AND DISCUSSION

Lead concentrations in soil, forage, grain, and water are 

significantly below the MPC (MU, 1999) (Table 1). Lead level 

in the grain was higher in zone 1 than in zone 2. In soils and 

forages, there were no differences in lead content between 

the two zones. Lead content in grain was 4-8 times lower than 

in forages, which is caused by restriction by plants of lead 

intake. In acidic soil, the bioavailability of lead for plants is the 

highest. Accumulation of lead ion in plants was limited, and 

most of the lead is located in the cell wall of the root. The 

accumulation of lead in the foliage was very little. Lead 

concentration in the plant always correlated with its level in 

the soil (NRC 2005). Zhao et al (2004), established that the 

lead concentration in the grain did not correlate with the 

amount in the soil, and contamination occurs during harvest 

or grain storage. Often the reason for this is the pollution with 

soil particles. For this reason, the silage may have higher 

lead concentration. 

The significant interbreed differences in the 

concentration of lead were revealed in lungs, spleen, and 

liver (Table 2). Therefore, among the Hereford cattle, the 

concentration of lead was higher in spleen, and among 

White-and-Black cattle, it was higher in lungs and liver. The 

differences in the lead accumulation in the organs could be 

related to differences in metabolic rate among the animals of 

dairy and beef breeds. The significant interbreed differences 

were not revealed in lead accumulation in kidney and muscle 

tissue. The lead level in the organs and muscle tissue of 

cattle varied in a wide range of 0.042-0.418 mg/kg, but these 

values did not exceed MPC (SanPiN 2001). The data 

obtained on the lead content in organs and tissues could be 

considered as physiological and environmental reference 

values for cattle with different productivity rearing in climate 

and ecological conditions of Western Siberia. 

The lead distribution in organs and muscle tissue from 

White-and-Black breed can be represented in the form of a 

ranked series: spleen < kidney < muscle < lungs <liver in the 

ratio 1.0 : 1.5 : 2.2 : 5.3 : 11.0, and for the Hereford breed: 

Breed Black-and-White Hereford

Sample n Mean±SD* Range n Mean±SD* Range

Liver 28 0.418±0.231 0.16-0.97 30 0.155±0.076 0.04-0.32

Spleen 30 0.038±0.026 0.01-0.10 31 0.125±0.057 0.03-0.20

Lungs 28 0.203±0.114 0.06-0.47 31 0.097±0.049 0.02-0.20

Muscles 14 0.083±0.055 0.02-0.20 29 0.083±0.057 0.004-0.21

Kidneys 31 0.059±0.036 0.01-0.14 31 0.042±0.028 0.007-0.11

Table 2. Lead content in the cattle organs and muscle tissue, mg/kg natural humidity

* SD – standard deviation

Sample Zone 1 Zone 2 MPC

Soil 15.1±2.7* 17.1±4.4 32

Fodder 0.65±0.37 0,54±0.24 5.0

Grain 0.14±0.06 0.08±0.03 5.0

Water 0.005±0.002** 0.006±0.003 0.01

Table 1. Lead content in the soil, forage, grain, and water 
samples from the Novosibirsk region, mg/kg of dry 
matter

3* Mean ± Standard deviation; ** mg/dm

kidney < muscle < light < spleen < liver in the ratio 1.0 : 2.0 : 

2.2 : 3.0 : 3.7. According to this rank, it is evident that the 

animals of both breeds have the highest lead accumulation in 

the liver. There is individual variance in the level of lead in the 

organs and muscle tissue. The ratio of extreme variants on 

the lead level was the highest in Black-and-White cattle 

kidney (1:14) and muscles (1:10), and in Hereford cattle in 

the light (1:10) and liver (1:8). 

The lead accumulates in the testes and accumulation of 

lead in tissues depends on the dose and duration impact. 

This phenomenon was described in detail in experiments on 

rats (IPCS 1995, ATSDR 1999). In one study, rats were given 

50 mg of lead (as lead acetate) per 1 liter of water during 90 

days. As a result, the accumulation of lead in tissues occurred 

in the following order: kidney > brain > spleen > prostate > 

heart > testes > liver. The muscles are the predominant site of 

deposition of the lead. The dose of 5 mg/l a significant 

accumulation of lead was observed only in the brain and 

kidneys. In most organs, the concentration of lead was 

maximum 2 weeks after the beginning of the introduction of 

additional doses of lead. However, the lead concentration is 

gradually increasing in the brain during the 90-day period of 

dosing (Areola et al 1999). Concerning the sheep, which 

were given 1,000 mg/kg lead acetate, the maximum 

concentration in muscle tissue was observed after 30 days, 

and then began to decline. Similar data were obtained in 

experiments on fish, where high lead levels were reached 

several weeks after exposure and then decreased in some 

tissues. In the gills of perch in Novosibirsk reservoir, the Pb 

level was 0.84 mg/kg (Miller et al 2015). It is shown that the 
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accumulation of metals in the body, causes morphological 

and other biochemical changes in organs and tissues of fish, 

rats, mice (Jarrar, Taib 2011, Lamhamdi et al 2013).

Lead accumulates in the kidneys and bone tissue, even 

at relatively low levels added to food. With a sharp poisoning 

of cattle with lead, the content in milk on average was 0.08 

mg/l, and in muscles varied from 0.23 to 0.50 mg/kg. The lead 

level may vary considerably in the organs and muscle tissue 

from cattle of different age, productivity and habitat (Table 3). 

The maximum content of lead in the liver and muscles 

observed among the animals from Slovakia (Korenkova et al 

2002), and in the kidneys of animals from Nigeria (Nwude et 

al 2011). In present study  this metal was 5-10 times lower. 

The level of lead in our and other studies did not exceed the 

MPC. 

CONCLUSION 

In soils, water, forage and grain from different zones of 

Western Siberia the lead content was much lower than MPC. 

Lead concentration in grain was less than that in forage. 

Differences between the areas on the lead concentration in 

soils and forages have not been identified. The data obtained 

can be used for future environmental monitoring of the level 

of this element in other areas of Siberia. The greatest 

concentrations of lead are accumulated in the liver of cattle. 

Breed and direction of productivity have a significant impact 

on the accumulation and distribution of lead (within the MPC) 

in the liver, lungs and spleen of cattle, which may indicate the 

dependence of accumulation of lead in the organs and 

Kidneys Liver Muscular tissue Age Country References

0.042 0.155 0.083 18 months Russia This study

0.059 0.418 0.083 18 months Russia This study

0.040 0.050 <0.02 - Australia Kramer et al 1983

0.012 0.015 - - Brazil Aranha et al 1994

0,109 0.043 0.008 18-30 months Egypt Khalafalla et al 2011

0.035 0.034 0.011 6-12 months Spain Miranda et al 2003

0.014 0.048 0.048 6-10 months
2-16 years

Spain Lopez-Alonso et al 2000 

0.460 0.577 0.501 - Nigeria Nwude et al 2011

0.174
0.143
0.133
0.131

0.614
0.312
0.291
0.278

-
-
-
-

0-2 years
3-5 years
6-8 years
> 9 years

Nigeria Bala et al 2012

0.01-0.16 0.01-0.26 - 2-5 years Nigeria Iwegbue et al 2008

- - 0.201-0.208 24 months Poland Pilarczyk 2014

0.008-0.012 0.003-0.005 0.001-0.002 - Poland Falandysz 1993

0.22-0.31 0.25-0.37 0.13-0.26 - Russia Gaevaya and Zakharova 2011

- 0.544-1.072 0.386-0.671 3-5 years Slovakia Korenkova et al 2002

Table 3. Lead content in the organs and muscular tissue of cattle in different countries, mg/kg natural humidity

muscle tissue of animals from heredity. This should be taken 

into consideration at assessing the elemental status of 

animals. The average population values on the lead content 

in the organs and muscle tissue of the dairy and beef cattle 

could be considered as physiological and environmental 

standards for conditions of Western Siberia. The territory of 

Western Siberia on the content of lead in soil, water, forage, 

grain, and meat and offal of cattle is suitable for the 

production of environmentally safe products.
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Salinity Tolerance and Survival of Freshwater Carp, Labeo 
rohita Ham. (rohu) in Inland Saline Water

Indian Journal of Ecology (2018) 45(4): 872-875

Abstract: The present study was conducted to assess salinity tolerance and survival of freshwater carp, Labeo rohita Ham. (rohu) in inland 
osaline water. Fingerlings of rohu (11 - 12 cm) were exposed to 0, 2, 4, 6, 8 and 10 ppt ( / ) salinity water for 10 days. Fish was acclimatized to oo

-1different salinities by increasing the salinity gradually @ 1 ppt hr . During the tolerance test, no mortality of fish was recorded up to 10 ppt 

salinity level and fish behaviour, in terms of swimming movement and appetite (feed intake), remained unaltered up to 4 ppt salinity. However, 

at 6 ppt salinity fish became less active after 7 days, while at 8 and 10 ppt salinities fish became less active after 6 days and sluggish after 8 

days of exposure. Fish also exhibited low appetite in 8 and 10 ppt salinities after 8 days of exposure. The present study suggests that L. rohita, 

can tolerate salinity up to 10 ppt in inland saline water, but it is expected to perform well in salinities ≤  6 ppt.
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Water quality plays an important role in survival, growth 

and reproductive performance of aquatic organisms. Salinity 

is one of the most significant abiotic factors in aquaculture 

and its favourable range for survival and optimum growth of 

aquatic organisms vary with species (Mubarik et al 2015). 

Freshwater carps are stenohaline species and hence grow 

well in hypotonic environment, but they have been reported 

to tolerate, survive and even grow at low salinities (Kültz 

2015). In freshwater fish, internal salt concentration is 

hypertonic to the surrounding environment with blood salt 
-1concentrations corresponding to approximately 9 g l  (Wurts 

1995). Salinity variations leads to osmoregulation stress in 

freshwater stenohaline species with significant effect on its 

physiology, which may lead to poor growth and even 

mortality, if salinity tolerance levels are crossed (Gholampoor 

et al 2011). About 1.20 million hectare of inland salt affected 

waterlogged areas in arid and semi-arid regions of non-

coastal northern states in India (Mandal et al 2010) offer 

substantial scope for aquaculture development. Although, 

brackish water species are more suitable for rearing in these 

areas, but owing to non-availability of seed and climatic 

constraints (cold sensitive species), efforts have been made 

to culture fresh water fish in low salinity inland saline waters 

of Punjab, Haryana and Uttar Pradesh (Chughtai and 

Mahmood 2012, Pathak et al, 2013, Ansal et al 2013, 

Chandra and Joshi 2015, Dhawan et al 2016, Kumari et al 

2018). Further, salinity tolerance of fresh water carps in 

inland saline water is species specific (Kasim 1983, Islam et 

al 2014, Ansal et al 2016). 

Most of the studies on salinity tolerance of freshwater 

stenohaline species have been carried out either with 

natural/artificial sea water or simple salt solutions prepared 

from various salts like sodium chloride (NaCl), calcium 

chloride (CaCl ) or rock salts. Very few reports with respect to 2

survival and salinity tolerance of freshwater stenohaline 

species in inland saline water are available. Hence, the 

present study was taken up to assess survival and tolerance 

of one of the priced fresh water major carp rohu, Labeo rohita 

(Ham.) to evaluate ideal salinity levels for optimised growth of 

fish under saline conditions. 

MATERIAL AND METHODS 

The present study was carried out at, Guru Angad Dev 

Veterinary and Animal Sciences University (GADVASU), 
oLudhiana. India. Inland saline water of 15 /  or ppt (parts per oo

thousand) salinity was collected from the inland salt affected 

areas of district Fazilka, Punjab, India. Fingerlings (11 - 12 

cm) of  L. rohita Ham. were conditioned for two days in a 

cemented tank. After conditioning, the fingerlings were 

acclimatised to different salinities ranging from 0- 10 ppt (0, 2, 

4, 6, 8 and 10ppt) gradually by increasing the salinity @ 1 ppt 
-1hr . Different salinity treatments were prepared by dilution of 

inland saline water (15 ppt) lifted from district Fazilka (Table 

1) with underground fresh water. After acclimatization, 

fingerlings of L. rohita were distributed in 50L glass aquaria 

(@ 10 per aquarium) containing 35L water of different 



salinities for 10 days tolerance test (three replicates per 

salinity treatment). The fish was fed with formulated pellet 

diet (rice bran + mustard meal 1:1) @ 0.5% of body weight 

once a day as sustenance ration. Salinity was maintained in 

each aquarium throughout the tolerance test by 

compensating evaporation losses by adding freshwater and 

maintaining water levels up to pre-marked levels. Left over 

feed and excreta of fish were removed from the aquaria by 

siphoning every alternate day. Physico-chemical properties 

of the collected water were estimated in terms of salinity, pH, 

conductivity (EC), total alkalinity (TA), total hardness (TH) 
2+ +and salts including sodium (Na ), potassium (K ), calcium 

2+ 2+ - 2-(Ca ), magnesium (Mg ), chloride (Cl ) and sulphates (SO4

) by following standard methods (APHA, 2012). Survival of 

fish was recorded every 12 hours during the tolerance test. 

Swimming activity and appetite (feed intake) of fish was 

observed to record behavioural abnormalities in L. rohita 

under salinity stress.  Swimming activity of fish was 

categorised as active, less active and sluggish on the basis of 

daily visual observation, which included comparative 

opercular and horizontal/vertical movements of fish. Further, 

appetite of fish in different treatments was also observed 

daily and categorised as normal appetite and low appetite on 

the basis of comparative feed intake, which was analysed on 

the basis of amount of left over feed.

RESULTS AND DISCUSSION

 The mean water temperature varied from 25.33 to 
026.33 C in different treatments and the differences among 

treatments were insignificant (Table 2). The pH of water was 

within the optimum range (7.0-8.5) for freshwater carps in all 

the salinity treatments (Boyd and Tucker 1998) and 

differences among treatments were insignificant.. Among 

different treatments, mean EC, TA, TH and salt concentration 

of water was in accordance to the salinity of water from 0 to 10 
-1ppt and differences were significant. The NH - N (mgl ) levels 3

in all the treatments were within the permissible levels (<0.05 
-1mgl ) for tropical fish (Robinette 1976, Boyd and Tucker 

1998). In salinity tolerance test (10 days), no mortality of fish 

was observed up to maximum salinity (10 ppt) level tested, 

indicating that rohu can tolerate salinity levels up to 10 ppt. 

Although, earlier Kasim (1983) reported another Labeo 

species, L. fimbriatus to tolerate salinity levels up to 7.07 ppt 

(commercial mother salt solution) and Islam et al (2014), 

reared L. rohita fingerlings successfully up to 6 ppt salinity 

(NaCl solution) with 100% survival rate, but information in 

respect to salinity tolerance of L. rohita in inland saline water 

is lacking. Stenohaline freshwater species like carps have 

evolved the mechanism to compensate for passive 

absorption of water and passive loss of salts in a hypotonic 

environment by producing large volumes of dilute urine and 

active absorption of salts through gills and kidneys. Some of 

the species manages to adapt and grow well in the saline 

environments, however when the level of isotonic point is 

crossed, there is imbalance in the internal salt concentration 

changing it from hypertonic to hypotonic, which forces the 

fish to make extensive physiological changes to compensate 

for the reverse osmoregulation (Mustafayer and Mekhtier 

2008). Though, most of the aquatic organisms have ability to 

tolerate some degree of salinity stress, but it varies 

considerably with species/size of fish and freshwater fishes 

have been reported to tolerate, survive and grow at low 

salinities (Mateen et al 2004, Chughtai and Mahmood 2012, 

Islam et al 2014, Ansal et al 2013, Chandra and Joshi 2015).  

Mangat and Hundal (2014) reported 100% survival of 

common carp fingerlings up to 6 ppt salinity levels, when 

exposed to saline water for 60 days. Lawson et al (2011) 

cultured comet goldfish, Carassius auratus and recorded 

100% survival of the fish up to 5 ppt salinity, with 90 and 94% 

mortality in 8 and 10 ppt salinities, respectively. Some other 

freshwater fishes like catfish and murrels have exhibited 

better salinity tolerance than carps. Spotted snakehead, 

Channa punctata adapted well to 10 ppt salinity without any 

signs of distress (Dubey et al 2016). While pangas catfish, 

Pangasianodon hypophthalmus survived up to15 ppt, but 

optimum salinity for culture in inland saline water was 

recommended to be up to 10 ppt (Kumar et al 2017). 

Differences with respect to salinity tolerance of freshwater 

species can be attributed to several variations including 

species, size of fish, temperature, saline water composition, 

duration of the salinity exposure etc.

No significant changes in swimming activities of fish 

Parameters Value (Mean ± S.E)

Salinity (ppt) 15.00 ± 0.05

pH 7.28 ± 0.13
-1EC (mScm ) 19.78 ±  0.33

-1TA (CaCO mgl )3 1254.70 ± 6.76
-1TH (CaCO mgl )3 2320.00 ±15.27

-1Ca Hardness (CaCO  mgl )3 1242.50 ±1.55
2+ -1Ca ( mgl ) 497.40 ± 62.06
2+ -1Mg (mgl ) 482.80 ± 3.60

-  -1Cl (mgl ) 1478.70± 8.89
-1Na (mgl )2+ 1176.70 ± 56.46

+ -1K (mgl ) 85.26 ± 2.24
2-  -1SO  (mgl )4 50.50 ± 7.08

-1NH -N (mgl )3 0.36 ± 0.01

Table 1 physico-chemical parameters of inland saline 
water collected from salt affected water logged 
areas of village Shajrana, District Fazilka, Punjab

. Mean 
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were observed in all the salinity levels (2-10 ppt) during first 6 

days of the tolerance test.  Fish became less active after 7 

days in 6 ppt salinity, while at 8 and 10 ppt salinities fish 

became less active after 6 days and sluggish after 8 days of 

exposure (Table 3). No significant differences with respect to 

feed intake (appetite) of fish were observed in all the salinities 

Parameters Treatments

0ppt (S0) 2ppt (S2) 4ppt (S4) 6ppt (S6) 8ppt (S8) 10ppt (S10)
OTemperature ( C) a25.66 a26.33 a26.33 a26.00  a26.33 a25.33

pH a8.13 a8.12 a8.12 a8.13 a8.01 a8.17
-1E.C (mScm ) f6.86 e25.46 d39.90 c102.07 b116.10 a154.97

-1T.A (CaCO  mgl )3
e249.00 d297.33 c339.33 b362.00 a382.90 a396.83

-1T.H (CaCO  mgl )3
f287.77 e474.90 d524.40 c849.00 b1218.6 a1330.10

-1Ca Hardness (CaCO  mgl )3
c155.67 c173.07 b230.17 a298.43 a305.17 a284.13

2+ -1Ca (CaCO  mgl )3
bc56.06 c63.07 bc92.51 bc89.70 ab116.34 a156.68

2+ -1Mg (CaCO  mgl )3
e73.50 e90.39 d126.13 c163.43 b219.67 a262.11

-  -1Cl (mgl ) f48.73 e308.17 d601.40 c883.73 b1136.9 a1259.90
-1Na (mgl )2+ f45.40 e153.73 d265.50 c483.50 b846.50 a934.70

+ -1K (mgl ) f3.45 e25.65 d37.20 c57.86 b79.90 a87.84
2-  -1SO  (mgl )4

d8.59 d10.56 c12.62 b15.30 a19.48 a20.29
-1NH -N(mgl )3

a0.029 a0.026 a0.033 a0.026 a0.037 a0.030

Table 2. Mean physico-chemical parameters of water in different salinity treatments during tolerance test

Behaviour Day Treatments

S0 (0 ppt) S2 (2 ppt) S4(4 ppt) S6 (6 ppt) S8 (8 ppt) S10 (10 ppt)

Swimming activity 1 A A A A A A

2 A A A A A A

3 A A A A A A

4 A A A A A A

5 A A A A A A

6 A A A A A A

7 A A A A LA LA

8 A A A LA LA LA

9 A A A LA S S

10 A A A LA S S

Feeding behaviour 1 NAp NAp NAp NAp NAp NAp

2 NAp NAp NAp NAp NAp NAp

3 NAp NAp NAp NAp NAp NAp

4 NAp NAp NAp NAp NAp NAp

5 NAp NAp NAp NAp NAp NAp

6 NAp NAp NAp NAp NAp NAp

7 NAp NAp NAp NAp NAp NAp

8 NAp NAp NAp NAp NAp NAp

9 NAp NAp NAp NAp LAp LAp

10 NAp NAp NAp NAp LAp LAp

Table 3. Behavioural changes in fish exposed to different salinity levels during tolerance test

(2- 10 ppt) during the first 8 days of the tolerance test, while 

fish in 8 and 10 ppt salinities exhibited low appetite after 8 

days of salinity exposure. Information on swimming activity 

and feed intake of L. rohita under saline condition is lacking. 

However, the results are in agreement with the study of 

Mangat and Hundal (2014), where no significant changes 

Values with different superscripts in a row differ significantly (p≤0.05)

Swimming Activity: A = Active, LA =Less Active, S = Sluggish; Feeding behaviour: NAp = Normal Appetite, LAp = Low appetite
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were observed in feed intake of fresh water carp, C. carpio up 

to 6 ppt salinity, during first 10 days of long term rearing in 

different salinities viz; 1.5, 3, 6 and 10 ppt (prepared through 

commercial grade NaCl and CaCl ) for 60 days. Further, as 2

salinity tolerance of fresh water fish varies with species 

(Kasim 1983, Ansal et al 2013) and unlike sea water; 

composition of inland saline water varies with location within 

a region (Dhawan et al 2010), it is vital to develop regional 

package of practices for rearing fresh water carps in  inland 

saline waters.

CONCLUSION

 L. rohita, can tolerate salinity levels up to 10 ppt, but it is 

expected to perform well in salinities ≤ 6 ppt and hence, 

needs to be investigated through long term growth studies to 

assess ideal salinity level for optimised growth of fish in 

inland saline water, with minimum possible osmoregulatory 

stress.
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Salinity Tolerance of Freshwater Shubunkin Gold Fish, 
Carassius auratus (Linn.): Suitability for Rearing 

in Inland Saline Water

Indian Journal of Ecology (2018) 45(4): 876-880

Abstract: Short term salinity tolerance test (10 days) was conducted to assess the stress responses in terms of fish survival, behaviour and 

colouration of freshwater shubunkin gold fish, Carassius auratus (L.) in different salinity levels (2 to 10 ppt). Inland saline water (15 ppt) 

collected from district Fazilka (Punjab) was used for preparation of different treatment salinities after dilution with freshwater (0 ppt). After 

proper conditioning in indoor conditions, fish were acclimatized (gradual increase in salinity @ 1 ppt at 1-hr interval) and distributed @ 

10/aquaria (50 liter capacity). There was significant increase in pH and NH -N, however, these remained in tolerance range for freshwater fish 3

+ + +2 +2 - 2-culture. The rest of the parameters i.e. EC, TA, TH and ionic composition (Na , K , Ca , Mg , Cl  and SO ) of water increased significantly in 4

accordance with the composition of source inland saline water. At the termination of salinity tolerance test, percent fish survival did not vary 

significantly, however, in 0 and 2 ppt, it was 100%, which decreased to 96.66% in 4, 6 and 8 ppt and 93.33 % in 10 ppt. Fish behaviour w.r.t. 

swimming activity and feeding responses showed gradual departure from normal behaviour. Deviation from normal skin colouration was 

insignificant in terms of L a*b* values and colour indices (chroma and hue) during short duration of 10 days exposure to increasing salinity 

conditions. Overall results are indicative of stimulation of adaptive mechanism in freshwater fish during shorter duration of salinity exposure. 

Keywords: Salinity stress, Gold fish, Inland saline water, Colouration, Fish behaviour 
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Freshwater goldfish (Carassius auratus) having its 

origin in central Asia, China and Japan and is one of the 

earliest bred and highly domesticated. It was first reared in 

China in (1000 AD) followed by, Europe (1611) and America 

(1876 AD). Of the cyprinids domesticated, goldfish remains 

the most prominent and commonly used as ornamental pet in 

home aquaria. Goldfish varieties vary greatly in size, body 

shape, fin configuration and among major gold fish varieties, 

shubunkin is one of the most important varieties due to its 

unique body colouration and fin pattern along with advantage 

of hardy nature. Robust nature of shubunkin variety of gold 

fish can be considered advantageous for its culture in varied 

environmental conditions including salinity. Among various 

abiotic factors, salinity is one of the critical parameter for the 

overall well-being of the freshwater species, as it determines 

the level of osmoregulatory stress. The knowledge of salinity 

tolerance is important for aquaculture production in different 

water sources. Inland salt affected water logged areas of 

south-west districts of Punjab are of much importance in this 

regard, as aquaculture is the most viable option to reclaim 

these lands (Dhawan et al 2010, Ansal et al 2013). Many 

reports are available regarding rearing of freshwater 

ornamental fish (gold fish, crucian carp and molly) in saline 

water, but all those studies pertain to natural/artificial sea 

water (Vasagam et al 2005, Schofield et al 2006, Küçük 

2013). Further, ionic composition of inland saline water 

differs from sea water (Dhawan et al 2010), which also varies 

with location. Adaptability and tolerance of fish including 

goldfish to physical and chemical changes in water vary 

greatly. Most of the freshwater fish are adapted and can only 

survive in the freshwater, however some have great 

adaptations for saline water. Schofield et al (2006) reported 

that goldfish is able to persist in low salinity environments of 

<10 ppt for a long period of time and higher salinities for short 

period. For optimizing the rearing technology of freshwater 

ornamental gold fish, Carassius auratus Linn. var. shubunkin 

in inland saline water areas, it is vital to study the stress 

response of this species at different salinity levels with 

optimum tolerance range, so as to reach at the best possible 

salinity level. In view of the above background, salinity 

tolerance test of 10 days duration was conducted to study the 

tolerance level of freshwater ornamental shubunkin gold fish, 

C. auratus (Linn.) in inland saline water.

MATERIAL AND METHODS

Collection of inland saline water (stock) and preparation 



of experimental salinities: Inland saline water was 

collected from salt affected/water logged areas of village 

Shajrana, district Fazilka , Punjab (30° 40' 3" N and 74° 02' 5" 

E). Stock inland saline water (15 ppt) was analysed for its 

physico-chemical properties viz., temperature, pH, salinity, 

electric conductivity (EC), total alkalinity (TA), total hardness 

(TH), ammonical nitrogen (NH -N), and ionic composition in 3

2+ 2+terms of cations [calcium (Ca ), magnesium (Mg ) sodium 
+ + -(Na ), potassium (K )] and anions [chloride (Cl ) and sulphate 

2-(SO )]. From this stock water, different experimental 4

salinities (2, 4, 6, 8 and 10 ppt) were prepared by mixing 

freshwater, having salinity of 0 ppt. 

Preparation of the experimental aquaria: The experiments 

were carried out in glass aquaria (50 liter capacity with water 

volume of 40 liters) and were filled with water having different 

salinities (0-10 ppt) and supplied with continuous oxygen 

supply through aerator.

Procurement, acclimatization and stocking of the 

experimental fish: Shubunkin gold fish, C. auratus 

(Linnaeus) procured from market and were conditioned for 

one week in FRP pools under indoor conditions. After proper 

conditioning, fish were acclimatized (gradual increase in 

salinity @ 1 ppt at 1-hr interval) and distributed @ 

10/treatment randomly in control and five experimental 

salinity treatments in triplicate. At the time of stocking, the 

initial length and weight of fish varied from 6.5-8.5 cm and 

4.5-8.5 g respectively.

Feeding of fish: During salinity tolerance test of 10 days, fish 

were fed once a day, with commercial feed [(OPTIMUM with 

nutritional composition: crude protein – 28%, crude fiber – 

4%, crude fat – 3% and moisture – 10 %)] @ 0.5-1.0 % fish 

body weight.

Observations: Daily observations were recorded w.r.to fish 

survival, behaviour and water quality parameters in terms of 

temperature, pH, EC, TA, TH, NH -N, ionic composition in 3

2+  2+ + + -terms of cations (Ca , Mg , Na , and K ) and anions (Cl  and 
2-SO ) according to standard methods of APHA (2012). 4

Salinity was also monitored daily and maintained as per 

salinity treatments. To study the colouration parameters, 

digital photographs of experimental fish were taken at 

completion of salinity tolerance test with chroma meter 

KONICA MINOLTA CR-400. Colour was measured from at 

least three fishes from each replicate from mid dorsal and mid 

ventral region of fish body. The instrument was first calibrated 

using a white tile provided with the instrument. Three 

parameters i.e. L (Lighting ranging from 0 for black to 100 for 

white), a* (balance between red/green) and b* (balance 

between yellow and blue) was measured. The hue and 

chroma (saturation) values were calculated using the 
-1 1/2formula: [tan (b/a)] and [(a²+b²) ], respectively.

RESULTS AND DISCUSSION

Physico-chemical parameters of stock inland saline 

water: Mean temperature and salinity of inland saline water 
o(stock) at the time of analysis was 28.0 C and 15 ppt, 

+ -respectively. Ionic profile of stock water revealed Na  and Cl  

as dominant cation and anion respectively (Table 1).

Physico-chemical parameters of water in different 

salinity treatments: The temperature did not vary with 

increasing salinity of water (0-10 ppt) in different treatments 
0(29-29.91 C). There was significant increase in all the water 

quality parameters including pH (6.51-8.26), EC (0.54-

13.41), TA (255-418), TH (285-1295) and NH -N (0.125- 3

0.285), which can be attributed to increasing concentration of 

salts with increasing salinity (Table 2). The relative 

abundance of different ions was in accordance to that of 

stock inland saline (15 ppt) water, from which different salinity 
+ 2+water for different treatments was prepared (Na > Mg > 

2+ + - 2-Ca > K and Cl > SO ). At particular temperature range, 4

increase in salinity has direct effect on pH, TA and NH -N. In 3

the present study, although pH increased significantly with 

increasing salinity, however, it remained in acceptable range 

(Bhatnagar et al 2004) for freshwater fish culture. Further, 

significantly higher NH -N in 10 ppt may be due to high pH 3

and salinity, as two of these parameters has positive 

correlation with ammonia (Wurts 2000). For commercial 

production, un-ionized ammonia and total ammonical 
-1 -1nitrogen (TAN) should be below 0.05 mgl  and 1.0 mgl  for 

long-term exposure. In the present study, although NH -N 3

increased with increasing salinity, but it remained in tolerance 

range for freshwater fish (DWAMD 1994). As the salinity is 

Parameters Mean± SE

Salinity (ppt) 15 ± 0.05

0Temperature ( C) 28.0 ± 0.28

pH 7.28 ± 0.13

-1EC (mScm ) 19.78 ±  0.33
-1TA (CaCO  mgl )3 340.0 ± 0.00 
-1TH (CaCO  mgl )3 3320.0 ±60.09 

-1NH -N (mgl )3 0.36 ±0.01
2+ -1Ca (CaCO  mgl )3 497.4 ±62.06
2+ -1Mg (CaCO  mgl )3 482.8 ±3.60

+ -1Na (mgl ) 1121.0 ±1.24

+ -1K (mgl ) 85.11 ±2.33

-  -1Cl (mgl ) 5199.3 ±2.08
2-  -1SO (mgl )4 50.5 ±7.08

Table 1. Physico-chemical parameters of inland saline water 
(stock water) from village Shajrana, district Fazilka 
(Punjab) 
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the total concentration of dissolved ions in water, with major 

contribution of calcium, sodium, potassium, bicarbonate, 

chloride and sulphate, therefore, most of the parameters (TH, 

EC and ionic composition) during 10 days of salinity 

tolerance test, showed linear increase, with direct co-relation 

to the salinity.

Fish survival: In salinity tolerance test (10 days), percent 

fish survival did not vary significantly, however, in 0 and 2 ppt, 

it was 100%, which decreased to 96.66% in 4, 6 and 8 ppt and 

93.33 % in 10 ppt (Table 3). During salinity tolerance test for 
th10 days, fish mortality was observed from 5  day onwards at 

higher salinity treatments 6-10 ppt, however, the differences 

were insignificant for overall fish survival among control and 

different treatments at the termination of tolerance test. Gold 

fish is one of the examples of cold water freshwater versatile 

fish species w.r.t. its physiology and metabolism, as it 

survives (93.33 %) even up to 10 ppt during salt tolerance 

test. Küçük (2013) observed 100 percent survival of gold fish 

(C. auratus) and crucian carp (C. carassius) up to salinity of 

16 ppt. At 20 ppt, survival of both the species however 

decreased. Likewise, Sharma et al (2017) reported 100 

percent  survival of ornamental koi carp (C. carpio) up to 12 

ppt salinity in inland saline water for 4 months. However, 

Lawson and Alake (2011) reported 100 percent survival of 

comet gold fish only up to 3 ppt, which decreased to 

significantly low value of 60 and 40 percent at 4 and 5 ppt. 

Further, at 6-10 ppt, 100 percent fish mortality was observed, 

which indicated inability of the fish to maintain osmotic 

balance between the salt concentration of its body fluid and 

that of its environment. In the present study, shubunkin gold 

fish showed adaptability for short term exposure (10 days) to 

salinity up to 10 ppt. 

Fish behaviour: During salinity tolerance test, normal 

swimming activity of the fish was observed up to highest 

salinity i.e. 10 ppt for first 2 days, as the fish was gradually 
thacclimatized to the salinity stress. However, from 4  day 

onward, fish showed low swimming activity in 4 ppt and from 
rd3  day onward in 6-10 ppt. Fish was sluggish in 8 and 10 ppt 

thfrom 6  day onward. In terms of feeding behaviour, response 

of fish diverted from high appetite to low appetite in 4-10 ppt 
thfrom 5  day onwards (Table 4). 

The behavioural changes in terms of swimming activity 

and feeding response clearly indicated adaptive strategy 

towards changing environmental conditions w.r.t. salinity. 

Fish was able to adapt easily up to 4 ppt, whereas from 6-10 

ppt, low activity to sluggishness along with low appetite 

indicated gradual drifting away from normal physiological 

responses. According to Lawson and Alake (2011) gold fish 

was very active from 0-3 ppt throughout the study period of 14 

days, 4-6 ppt for for 3 days and in 7ppt for 2 days. Fish 

showed erratic swimming behaviour from day 5 to 8, in 8-10 

ppt salinity. Likewise, feeding behaviour was normal from 0-3 

Parameters 0 ppt 2 ppt 4 ppt 6 ppt 8 ppt 10 ppt

OTemperature ( C) a29.68 a29.59 a29.68 a29.78 a29.66  a29.58

pH  d6.69  c7.24 b7.55 b7.29  a8.13  a8.12

-1EC (mS cm ) f0.60 e2.34  d6.21  c7.24 b11.53  a13.23

-1TA (CaCO mgl )3
e278.8 d310.3 c348.6 b375.0 a400.3 a405.3

-1TH (CaCO mgl )3 
 f289.0 e505.0 d625.3 c945.3 b1030.0 a1260.0

-1NH -N  (mgl )3
 b0.16  b0.17 b0.15 b0.16 b0.18 a0.24

2+ -1Ca (CaCO  mgl )3
f51.33 e95.87 d126.20 c160.70 b206.10 a224.70

2+  -1Mg (CaCO  mgl )3
f60.31 e109.30 d135.40 c208.20 b227.40 a282.85

+ -1Na (mgl ) f57.93 e162.10 d199.50 c320.20 b472.10 a759.70

+ -1K (mgl ) e7.56 d9.41 d10.18 c19.18 b36.56 a42.30

-  -1Cl (mgl ) f67.1 e268.8 d666.6 c957.0 b1048.0 a1230.0

2- -1SO (mgl )4
f9.24 e64.46 d79.37 c93.96 b117.2 a140.80

Table 2. Mean physico-chemical parameters of water in different salinity treatments during the salinity tolerance test

*Values with same superscripts (a,b,c…..f) in a row do not differ significantly (p≤0.05)

Day 4 ppt 6 ppt 8 ppt 10 ppt

1-4 a100 a100 a100 a100

5 a100 a96.66 a96.66 a96.66

6 a96.66 a96.66 a96.66 a96.66

7 a96.66 a96.66 a96.66 a96.66

8 a96.66 a96.66 a96.66 a93.33

9 a96.66 a96.66 a96.66 a93.33

10 a96.66 a96.66 a96.66 a93.33

Table 3. Survival (%) of shubunkin gold fish during the salinity 
tolerance test in different salinity treatments 

* 100 per cent survival at 0 and 2ppt throughout salinity tolerance test
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Particular Day Treatments

0 ppt 2 ppt 4 ppt 6 ppt 8 ppt 10 ppt

Swimming activity 1 A A A A A A

2 A A A A A A

3 A A A LA LA LA

4 A A LA LA LA LA

5 A A LA LA LA LA

6 A A LA LA S S

7 A A LA LA S S

8 A A LA LA S S

9 A A LA LA S S

10 A A LA LA S S

Feeding response 1 HAp Hap HAp HAp HAp HAp

2 HAp Hap HAp HAp HAp HAp

3 HAp Hap HAp HAp HAp HAp

4 HAp Hap HAp HAp HAp HAp

5 HAp Hap LAp HAp HAp HAp

6 HAp Hap LAp LAp LAp LAp

7 HAp Hap LAp LAp LAp LAp

8 HAp Hap LAp LAp LAp LAp

9 HAp Hap LAp LAp LAp LAp

10 HAp Hap LAp LAp LAp LAp

Table 4. Fish behaviour-swimming activity and feeding 
response of fish in different salinity treatments 
during the salinity tolerance test

Swimming activity - A = Active, LA = Less active, S = Sluggish; Feeding 
Response – HAp – High appetite, LAp = Low appetite 

Lab value/ 
colour indices

Dorsal region

0 ppt 2 ppt 4 ppt 6 ppt 8 ppt 10 ppt

L a41.43 a44.95 a54.40 a54.18 a44.02 a44.14

a* a1.37 a3.19 a1.83  a5.20 a5.53 a0.87

b* a2.63 a5.73  a6.25 a20.56 a16.33 a5.15

Chroma  a41.47  a45.06 a54.46 a54.55 a44.44 a44.18

Hue b2376 a2582 a3120 a3125 a2546 a2531

Ventral Region

L a52.88 a47.45 a46.07 a49.57 a43.14 a47.04

a* c1.75 c0.98 c0.36 b3.86 a7.68 c0.52

b* a14.27 a4.62 a7.70 a16.85 a19.25 a2.36

Chroma  a52.92  a47.49  a46.08 a49.76 a43.83  a47.05

Hue a3032 a2721 ab2640 a2851 ab2511 a2696

Table 5. Comparative L a*b* colouration and colour indices of 
skin from dorsal and ventral regions of shubunkin 
gold fish, C. auratus in different salinity treatments at 
the completion of the salinity tolerance test

ppt in terms of very high appetite up to 3 ppt, thereafter 

behaviour declined to moderate and low appetite and finally 

no appetite from 4-10 ppt in a gradual pattern. Behavioural 

changes during salinity tolerance test in the present study too 

indicted adaptive capability of gold fish maximally up to 6 ppt 

for shorter exposure period. Adverse effect of higher 

salinities was observed in gold fish in terms of food intake 

with altered feeding responses by Luz et al (2008). Mangat 

and Hundal (2014) too reported high to moderate appetite of 

freshwater common carp, when exposed to 6 ppt salinity for 

60 days during summer, autumn and winter seasons. At 

higher salinity (12 ppt), appetite was low during winter 

season, but 100 percent fish mortality was observed during 

summer and autumn. 

Colouration Studies

L a* b* colouration: Among different treatments, L, a* b* 

values in dorsal region ranged between 41.43-54.40, 0.87-

5.20 and 2.63-20.56 respectively, with insignificant 

differences, whereas in ventral region, the values ranged 

between 43.14-52.88, 0.36-7.68 and 2.36-19.25 

respectively, with insignificant differences for L and b*, but 

significant differences for a*. 

Chroma and hue:  Among different treatments, chroma and 

hue values in dorsal region ranged between 41.47-54.55 and 

2376-3125, respectively with insignificant differences for 

chroma, while hue values were significantly higher in all the 

salinity treatments  in comparison to control (0 ppt). In ventral 

region, the chroma and hue values ranged between 43.83-

52.92 and 2511-3032, respectively, with insignificant different 

values for chroma, while for hue differences were significant 

among different salinity treatments. Digital observation of 

skin colouration did not show any remarkable departure from 

normal body pigmentation, during short duration of 10 days 

exposure to salinity conditions. Maintenance of normal 

colour with slight variation in terms of hue (colour 

appearance) up to highest salinity indicated the fish were 

able to maintain their normal body metabolism during short 

term salinity exposure. Lawson and Alake (2011) too 

observed similar results in gold fish exposed to different 

salinities. Normal gold colour was maintained up to 5 ppt up 

to four days and thereafter a change to bleached yellow 

colour was observed. There was restoration to normal gold 

colour between days 9 to 14.

CONCLUSION

The ornamental shubunkin gold fish Carassius auratus 

(L.)  is capable of adapting under salinity conditions up to 4 

ppt in inland saline water, beyond which negative effects were 

observed in terms of decreased survival, abnormal behaviour 

and dull colouration. The freshwater ornamental shubunkin 

gold fish, can be reared for shorter duration in inland saline 

water by maintaining the salinity ≤ 4 ppt. However, lab and 

field trials for longer duration need to be conducted for better 

understanding of effect of salinity (inland saline water) 
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coupled with multiple factors under natural conditions.
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Perception of Extension Personnel and Farmers towards Effect 
on Open Burning in Rice and Wheat Cropping System

Indian Journal of Ecology (2018) 45(4): 881-887

Abstract: The practice of mono cropping of rice and wheat is very popular in the state of Punjab. Due to the short span of time between 

harvesting of rice and sowing of wheat, the farmers dispose of the straw in their fields by burning in the open fields. This paper appraises the 

perception of the farmers and extension personnel towards the effect of open burning in rice and wheat cropping system in Punjab. Descriptive 

statistics was used to analyze the data. The results indicated that both the extension personnel and farmer respondents had different 

perception on statements like pest and pathogens can be controlled by straw burning, weeds can be controlled by open straw burning and 

burning of crop stubble decreases the yield of milk in milch animals and forest trees. Significant determinants of perception on effect of straw 

burning were education level and ecological consciousness of the farmer respondents. The study recommends various educational efforts to 

sensitize the farmers on the long term harmful effect of straw burning as this will improve the perception and understanding of their activities 

which will lead to discontinuance of straw burning practices.
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At present Punjab has about 2.722 million ha under rice 

cultivation that produces roughly 16 to 17 million tonnes of 

rice straw and about three-fourth of the residue is disposed 

off in the field (Anonymous 2015). Toxic chemicals, which 

result in respiratory problems, are released in the 

atmosphere. On November 8th, 2017 pollution in Delhi, India, 

surged so high that some monitoring stations reported an Air 

Quality Index of 999, way above the upper limit of the worst 

category, hazardous (Anonymous 2017). A paucity of 

evidence of man's various activities has caused a change in 

the interaction of various elements of the environment over 

the years. These activities include industrialization, 

construction, agricultural practices, transportation which 

promotes the welfare and development for human but results 

to collateral damage of the ecosystem by the release of 

harmful materials in the environment. The practice of modern 

agriculture has led to the degradation of land and 

environment due to the release of various agricultural by-

products. In order to accommodate wheat crop in the system, 

rice has to be harvested early which gives the farmers a 

narrow time gap to turn around for planting of the wheat crop. 

For this reason, majority of the rice is mechanically harvested 

leaving heavy and loose straw in the open fields. Although 

stubble burning is a rapid and relatively cheap option for 

farmers, there are long-standing concerns about both the on 

and off-farm effects of the practice (Singh et al 2008). Air 

pollution from stubble burning is a particular issue and more 

than 60 percent of the population live in the rice growing 

areas that are exposed to air pollution due to burning of 

stubbles (Kumar and Kumar 2010). Fine particulate matter 

from stubble burning causes acute asthmatic and cardio 

vascular problems in elderly people and children and is also 

associated with lung disease. Stubble burning also 

contributes significantly to greenhouse gas emissions (Gujral 

et al 2010) and the thick clouds of smoke engulf roads, 

causing an increase in the number of accidents and blocking 

or slowing down traffic. 

Although, farmers and policy makers are well-aware of 

the consequences of on-farm burning , farmers are 

concerned with issues which affects them immediately. 

Farmers with access to extension services are likely to 

perceive changes in the climate because extension services 

provide information about climate and weather (Gbetibouo 

2009). Understanding the perception of climate change 

governance of the farmers is important as perception can 

shape the preparedness to adapt and change their practices 

(Speranza 2010). The present study was undertaken with 

objective to study the perception of the farmers and 

extension personnel in order to provide meaningful 

information on decisions and actions towards straw burning 

in Punjab.  

MATERIAL AND METHODS

Population and sample: The study comprised of two types 



of respondents, farmers and extension personnel. A sample 

of 150 extension personnel (Agricultural Development 

Officers) was selected randomly from 300 extension 

personnel in the state. From the three agro climatic zones of 

Punjab, viz. Central Plain Zone, Western Zone and Sub 

Mountain Undulating Zone, one district was selected and 

further two villages were selected randomly. Ten farmers 

from each village were randomly selected. Therefore the 

study sample comprised of 60 farmers and 150 extension 

personnel as respondents. 

Measurement of variables: The perception of the 

respondents was studied by preparing items related to the 

effect of open burning in rice and wheat cropping system 

such as, effect on soil health, human health, animal health, 

air pollution, etc. It was measured on a three point continuum: 

agree, partially agree and disagree with a score of 3, 2 and 1 

respectively.

Reliability and validity of instruments: The split half 

method was employed for testing the reliability of the scale 

and scale was split into two halves on the basis of odd and 

even numbers of the statements. The two sets of scores were 

obtained and Pearson Product Moment Coefficient was 

worked out for the two sets of the scores for each of the scale. 

The correlation coefficient gave the reliability of the half of the 

scale. The equation which is referred as “Spearman Brown 

Correlation” formula for split half reliability (Guilford 1954) 

was used to find out the reliability coefficient for the full scale. 

The empirical type of validity determination was used to 

calculate validity of the scale and was worked out by using 

the square root of its reliability. 

RESULTS AND DISCUSSION

Socio-economic profile of the extension personnel 

respondents: The information regarding socio-economic 

profile of the extension personnel which include age, 

education, service experience, etc. is given in Table 2. The 

respondents were classified into following categories using 

cumulative cube root method for age and Mean±SD method 

for service experience.

Socio-economic profile of the farmer respondents: The 

information regarding socio-economic profile of the farmer 

respondents which include age, education, farming 

experience, family size, has been presented in Table 3. The 

respondents were classified into following categories using 

cumulative cube root method for age, annual gross income, 

extension contacts, mass media exposure, innovative 

proneness, scientific orientation, risk orientation, ecological 

consciousness and economic motivation while operational 

land holding was as mentioned in the Statistical Abstract of 

Punjab (2015).

Perception of extension personnel and farmer 

respondents regarding the effect of open burning 

practices in rice wheat cropping pattern: Majority of the 

extension personnel (94 %) and farmer respondents (68.33 

%) agreed that burning of straw depletes the important soil 

nutrients (Table 4). This is the reason why farmers have to 

increase the dosage for nitrogen, phosphorus and potassium 

fertilizers for the next crop which have been depleted through 

burning of straw in the previous season. The results were 

similar to Heard et al (2006) who reported that burning spring 

wheat, oat, and flax straw resulted in 98 to 100 pe cent loss of 

nitrogen, 70 to 90 per cent of sulfur and 20 to 40 percent of 

phosphorus  and potassium. Nearly one third of the 

extension personnel (33.33%) and more than three fourth of 

the farmer respondents (78.32%) agreed that insect pest and 

pathogens can be controlled by straw burning. The extension 

personnel mentioned that although burning is done to 

eradicate insect pests, it was not an effective method. In case 

of carbon content being reduced through straw burning, 

majority of the extension personnel (80%) and farmer 

respondents (88.33%) agreed. More than half of the 

extension personnel (52.67%) and almost two third of the 

farmer respondents (65%) agreed that increase in 

Instruments Reliability Validity

Perception (Farmers) 0.982 0.990

Perception (Extension Personnel) 0.872 0.933

Table 1. Reliability and validity of scales / test

Socio-personal 
characteristics

Category Extension personnel 
(n=150)

Frequency 
(f)

Percentage 
(%)

Age (years) 28-36 95 63.33

36-44 23 15.33

44-52 32 21.33

Gender Male 142 94.67

Female 8 5.33

Education Graduate 94 62.66

Post-graduate 47 31.33

Doctorate 9 6.00

Service Experience 
(years)

4-11 97 64.67

11-18 28 18.67

18-25 25 16.67

Training/Seminar / 
Conference /
Workshop attended 
in straw 
management

Yes -- --

No 150 100.00

Table 2. Socio personal profile of extension personnel 
respondents 
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Socio-personal characteristics Category Farmer respondents (n=60)

Frequency Percentage

Age (years) 23-38 17 28.33

38-40 19 31.66

40-56 24 40.00

Education Primary 9 15.00

Middle 12 20.00

Matric 10 16.67

Senior Secondary 20 33.33

Graduate 9 15.00

Operational land holding Marginal (< 2.5) 6 10.00

Small (2.5-5) 5 8.33

Semi-medium (5-10) 15 25.00

Medium (10-25) 21 35.00

Large (> 25) 13 21.67

Annual gross income Low (< 420048.89) 19 31.66

Medium (420048.89-600159.09) 28 46.66

High (>600159.09) 13 21.66

Extension contacts Low (< 7.42) 20 33.33

Medium (7.42-8.67) 26 43.33

High (> 8.67) 14 23.33

Mass media exposure Low (< 9.93) 4 6.66

Medium (9.93-11.24) 34 56.66

High (> 11.24) 22 36.66

Innovative proneness Low (< 14.93) 15 25.00

Medium (14.93-18.53) 20 33.33

High (> 18.53) 25 41.66

Scientific orientation Low (< 10.23) 15 25.00

Medium (10.23-11.30) 24 40.00

High (> 11.30) 21 35.00

Risk orientation Low (< 13.81) 25 41.66

Medium (13.81-15.31) 36 60.00

High (> 15.31) 5 8.33

Ecological consciousness Low (< 14.49) 9 15.00

Medium (14.49-17.00) 13 21.67

High (> 17.00) 38 63.33

Economic motivation Low (<12.70) 13 21.66

Medium (12.70-17.75) 20 33.33

High (>17.75) 27 45.00

Table 3. Socio-personal and psychological characteristics of farmer respondents 

temperature due to straw burning reduces the bacterial and 

fungal population in the soil. Two third of the extension 

personnel (66%) had a neutral view while majority of the 

farmer respondents (80%) agreed that weeds can be 

controlled by open straw burning. Although they agreed that 

burning may not control the weed problems, the extension 

personnel mentioned that it is a common excuse given by 

farmers to burn straw. As burning of straw raises the soil 
otemperature up to 33.8 to 42.2  C (1 per cm depth) (Gupta et 

al 2004), it can be concluded that the burning of the straw 

does not eradicate all the weeds present in the soil. Majority 

of the extension personnel (84.67%) and about two third of 

the farmer respondents (63.33%) agreed that burning of 

straw decreases the productivity of the soil. Half of the 
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Statements Extension personnel (n=150) Farmer respondents (n=60) Z-
value

A (%) PA (%) D (%) MS A (%) PA (%) D (%) MS

Burning of straw depletes the important soil 
nutrients

141 
(94.00)

9 
(6.00)

-- 1.1 41 
(68.33)

10 
(16.67)

9 
(15.00)

1.4 3.92*

Pest and pathogens can be controlled by straw 
burning

50 
(33.33)

74 
(49.33)

26 
(17.33)

2.2 47 
(78.32)

9 
(15.0)

4 
(6.67)

2.7 5.89*

Open straw burning reduces organic carbon 
content in soil

120 
(80.00)

30 
(20.00)

-- 1.2 53 
(88.33)

5 
(8.33)

2 
(3.33)

1.2 0.75

Increase in temperature due to straw burning 
reduces the bacterial and fungal population in soil

79 
(52.67)

59 
(39.33)

12 
(8.00)

1.6 39 
(65.00)

13 
(21.67)

8 
(13.34)

1.5 0.65

Weeds can be controlled by open straw burning 12 (8.00) 99 
(66.00)

39 
(26.00)

1.8 48 
(80.00)

9
 (15.00)

3 
(5.00)

1.3 6.84*

Burning of straw decreases the productivity of the 
soil

127 
(84.67)

23 
(15.33)

-- 1.6 38 
(63.33)

20 
(33.33)

2 
(3.33)

1.3 2.58*

Emission of toxic chemicals from burning of crop 
stubble can become potential carcinogens

76 
(50.66)

65 
(43.33)

9 
(6.00)

1.4 45 
(75.00)

11 
(18.33)

4 
(6.67)

1.3 1.07

Stubble burning results in the depletion of oxygen 
layer in the environment

98 
(65.33)

44 
(29.33)

8 
(5.33)

2.2 28 
(46.67)

25 
(41.67)

7 
(11.67)

1.7 4.76*

Smoke produced due to open residue  burning 
highly effects the health of pregnant women and 
children

85 
(56.67)

56 
(37.33)

9
 (6.00)

2.0 30 
(50.00)

18 
(30.00)

12 
(20.00)

1.7 3.06*

Inhaling of fine particulate matter released from 
stubble burning triggers symptoms of asthma, 
bronchitis and other respiratory problems

122 
(81.33)

28 
(18.67)

-- 1.2 58 
(96.67)

2 (3.33) -- 1.0 3.87*

Smoke from stubble burning causes eye irritation 
and chest congestion

119 
(79.33)

31 
(30.67)

-- 1.2 48 
(80.00)

10 
(16.67)

2 
(3.33)

1.2 0.36

Burning of crop stubble decreases the yield of milk 
in milch animals

31 
(20.67)

64 
(42.67)

55 
(36.67)

1.2 50 
(83.33)

7
 (11.66)

3 
(5.00)

1.7 4.00*

Loss of biodiversity is caused by pollution from 
straw burning

81 
(54.00)

54
(36.00)

15 
(10.00)

1.5 44 
(73.33)

13 
(21.67)

3 
(5.00)

1.3 1.30*

Smoke released from open burning of straw 
decreases visibility

128 
(85.33)

8 
(5.33)

14 
(9.33)

1.5 30 
(50.00)

18 
(30.00)

12 
(20.00)

1.5 0.38

Burning of straw hampers air traffic 56 
(37.33)

86 
(57.33)

8 
(5.33)

1.9 10 
(16.67)

30 
(50.00)

20 
(33.33)

1.2 8.57*

Burning of  straw causes road accidents 76 
(50.67)

71 
(47.33)

3 
(2.00)

1.2 14 
(23.33)

31 
(51.67)

15 
(25.00)

1.4 3.17*

Emission of gasses like methane, nitrogen oxide 
and ammonia from straw burning causes severe 
pollution

85 
(56.67)

62 
(41.33)

3 
(2.00)

1.7 45 
(75.00)

10 
(16.67)

5 
(8.33)

2.2 4.82*

Burning of crop residue contributes  green house 
effect

87 
(58.00)

57 
(38.00)

6 
(4.00)

1.6 38 
(63.33)

14 
(23.33)

8 
(13.33)

1.3 2.66*

Smoke from straw burning combines with fog to for 
harmful smog

80 
(53.33)

54 
(36.00)

16 
(10.67)

1.7 40 
(66.67)

12 
(20.00)

8
 (13.33)

1.5 0.62

Burning of straw destroys forest trees 5        
(3.33)

48 
(32.00)

97 
(64.66)

2.5 15 
(25.00)

35 
(58.33)

10 
(16.67)

2.0 4.69*

Dispersion of combustion ash by wind from open 
straw burning is a problem to household goods

59 
(39.33)

46 
(30.67)

45 
(30.00)

1.7 49 
(81.67)

11 
(18.33)

-- 1.9 2.28*

Table 4. Distribution of respondents according to their perception on the effect of open burning practices in rice wheat cropping 
pattern in Punjab

**Significant at 0.01 level, A=Agree, PA=Partially agree, D=Disagree, MS=Mean Score
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Items Extension personnel (n=150) Farmer respondents (n=60) Z-value

No E (%) NE (%) MS No E (%) NE (%) MS

Plant health -- 150 
(100.00)

1.0 -- 60 
(100.00)

1.0 NA

Air 9 
(6.00)

141 
(94.00)

1.1 10 
(16.67)

50
 (83.33)

1.0 1.23

Human health -- 150
 (100.00)

1.0 7
 (11.66)

53 
(88.33)

1.1 1.72

Animal health 7 
(4.67)

143 
(95.33)

1.0 10 
(16.67)

50
 (83.33)

1.1 1.72

Biodiversity 11 
(7.34)

139 
(92.67)

1.1 12
 (20.00)

48
 (80.00)

1.2 2.25*

vehicular traffic 34 
(22.67)

116 
(77.33)

1.2 17
 (28.33)

43 
(43.00)

1.3 0.83

Soil health -- 150 
(100.00)

1.0 14
 (23.33)

46
 (76.66)

1.2 3.87*

Table 5. Overall distribution of respondents according to their perception on the effect of open burning practices in rice wheat 
cropping pattern in Punjab

**Significant at 0.01 level, No E=No effect, NE=Negative effect, MS=Mean score {(Score-mean)/standard deviation}

extension personnel (50.66%) and three fourth of the farmer 

respondents (75%) agreed that emission of toxic chemicals 

from burning of crop stubble can become potential 

carcinogens. The extension personnel (65.33%) and less 

than half of the farmer respondents (46.67%) agreed to the 

depletion of oxygen layer due to straw burning. More than 

half of the extension personnel (56.67%) and half of the 

farmer respondents agreed that smoke produced due to 

open crop residue burning highly effect the health of pregnant 

woman and children. These findings were similar to 

Henderick and Williams (2000) who stated that incomplete 

combustion produces carbon monoxide and carcinogenic 

hydrocarbons which could perhaps cause cancer. A large 

majority of the extension personnel (81.33%) and farmer 

respondents (96.67%) agreed symptoms of asthma, 

bronchitis and other respiratory problems triggered by 

inhaling fine particulate matter from stubble burning. The 

extension personnel (79.33%) and farmer respondents 

(80%) agreed that smoke from stubble burning causes eye 

irritation and chest congestion. This was the reason that most 

of the villagers in that area experience different types of 

respiratory health issues during the peak period of straw 

burning. The findings were in line with that of Singh et al 

(2008) and Kumar and Kumar (2010). Less than half of the 

extension personnel (42.67%) had a neutral response while 

majority of the farmer respondents (83.33%) agreed that 

there is decrease of milk in milch animals due to burning of 

crop stubble. The extension personnel had a neutral view 

since there was no such cases reported to them on this issue 

but through experience the farmer respondent expresses 

that smoke from straw burning affects the health of animals 

causing decrease in milk production. Similar findings were 

reported by Gadde et al (2009). More than half of the 

extension personnel and nearly three fourth of the farmer 

respondents agreed that pollution from straw burning caused 

loss of biodiversity and smoke from open burning of straw 

decreases visibility. A neutral response on the point that 

burning of straw hampers air traffic was expressed by 57.33 

per cent of extension personnel and half of the farmer 

respondents. The farmer respondents remarked that they 

have not witnessed any air traffic caused by straw burning 

and also that the airports were situated far away from the 

farmers' field. Therefore, the smoke does not reach the 

higher level of the atmosphere and disturb the air traffic. The 

half of the extension personnel and only less than one fourth 

of the farmer respondents (23.33%) agreed that burning of 

straw causes road accidents. More than half of the extension 

personnel (56.67%) and three fourth of the farmer 

respondents (75%) agreed that emission of gasses like 

methane, nitrogen oxide and ammonia from straw burning 

cause severe pollution.

Similarly, about 58 per cent of the extension personnel 

and 63.33 per cent of the farmer respondents agreed that 

burning of crop residue contributes to greenhouse effect. 

Nearly half of the extension personnel (53.33%) and two third 

(66.67%) of the farmer respondents agreed that smoke from 

straw burning combines with fog to form harmful smog. 

Similar findings were reported by Henderick and Williama 

(2000), Gupta et al (2004), Bhattacharyya (2012) and 

Silalertruksa and Gheewala (2013). Nearly 40 per cent of the 

extension personnel and 81.67 per cent of the farmer 

respondents agreed that dispersion of combustion ash by 

wind from open straw burning becomes a problem to 

household goods. 
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The mean and z value of the perception between the 

extension personnel and farmer respondents on various 

items related to the effect of open burning in rice and wheat 

cropping system. The result revealed that there was a 

significant difference in the perception of farmer respondents 

as compared to that of the extension personnel on the 

statements that burning of straw depletes the important soil 

nutrients (mean 1.4; z=3.92), weeds can be controlled by 

open straw burning (mean 2.7; z=5.89), burning of crop 

stubble decreases the yield of milk in milch cows (mean=1.7; 

z 4.00), burning of straw causes road accidents (mean=1.4; 

z=3.17), emission of gasses like methane, nitrogen oxide 

and ammonia from straw burning causes severe pollution 

(mean=2.2; z=4.82) and dispersion of combustion ash by 

wind from open straw burning is a problem to household 

goods (mean=1.9; z=2.28). While the result also revealed 

that there was a significant difference and the perception of 

extension personnel as compared to that of the farmer 

respondents on the statements that weeds can be controlled 

by open straw burning (mean=1.8; z=6.84), burning of straw 

decreases the productivity of the soil (mean =1.6; z=2.58), 

stubble burning results in the depletion of oxygen layer in the 

environment (mean=2.2; z=4.76), smoke produced due to 

open crop burning highly effects the health of pregnant 

women and children (mean=2.0; z=3.06), inhaling of fine 

particulate matter released from stubble burning triggers 

symptoms of asthma, bronchitis and other respiratory 

problems (mean=1.2; z=3.87), loss of biodiversity is caused 

by pollution  from straw burning (mean=1.5; z=1.30), burning 

of straw hampers air traffic (mean=1.9; z=8.57), emission of 

gasses like methane, nitrogen oxide and ammonia from 

straw burning causes severe pollution (mean=1.6; z=2.66) 

and burning of straw destroys forest trees (mean=2.5; 

z=4.69).

There was a significant difference in the perception 

between farmer respondents and extension personnel 

regarding the overall effect of open burning practices on 

biodiversity (z= 2.25) and soil health (z=3.87). In both the 

statements the farmer respondents perceived more (mean= 

1.2) as compared to the extension personnel.

Relationship of various independent variables with the 

perception of the extension personnel in Punjab: No 

significant relationship was between the perception of the 

extension personnel and any of the independent variables 

under study (Table 6). 

Relationship of various independent variables with the 

perception of the farmer respondents in Punjab: A 

positive and significant relationship was found between the 

perception of the farmer respondents and variable viz. 

education and ecological consciousness (Table 6).. 

Variable r value

Age NS0.028

Education NS0.045

Service experience NS0.022

Table 6. Relationship of various independent variables with 
the perception of the extension personnel 
respondents 

NS=Non-significant

Variable r value

Age 0.147

Education 0.456*

Operational land holding 0.033

Annual income -0.006

Extension contact 0.042

Mass media exposure -0.027

Innovative proneness -0.103

Scientific orientation 0.058

Risk orientation -0.179

Ecological consciousness 0.471*

Economic motivation 0.077

Table 7. Relationship of various independent variables with 
the perception of the farmer respondents 

*Significant at 0.05 level

Roco et al (2015) also observed hat education of the 

farmer respondents was significant with perception in and 

their results reveal that younger, more educated producers 

and those who own their land tend to have a clearer 

perception of climate change than older, less educated, or 

tenant farmers. This signifies that higher the education and 

ecological consciousness of the farmers, higher the 

perception. Other variables like age, operational land 

holding, annual income, extension contact, mass media 

exposure, innovative proneness, scientific orientation, risk 

orientation and economic motivation was not significantly 

correlated with perception of the farmer respondents. Similar 

studies by Baksh et al (2015) also revealed that age of farmer 

respondents was not significant with perception.

CONCLUSION

The extension personnel and farmer respondent, highly 

perceive straw burning as a contributor to pollution and has a 

negative effect on various aspects of soil and human health. 

The education level and the ecological consciousness were 

seen to be significantly correlated with perception. As a 

stakeholder, the farmers should be educated on the 

detrimental effect of straw burning to inculcate an 

environmental safe agriculture for a sustainable future 

generation. 
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Use of Edible Coating to Enhance Shelf Llife of Tomato 
(Lycopersicon esculentum L.)

Indian Journal of Ecology (2018) 45(4): 888-891

Abstract: Present experiment was conducted with an aim to study the effect of plant based edible coating to enhance the shelf life of tomato 

fruits maintaining its quality under minimal processing because rapid decay and moisture loss causes a huge post-harvest loss of tomato 

within a short period. Tomato fruits were coated with eight treatments comprising application of CaCl 1%, Ethrel 0.1%, Na- alginate 1.5%, Na- 2 

Benzoate 0.1%, KMS 0.1%, Aloe vera extract and okra extract all supplemented with edible coating (EC) formulation (carboxymethyl cellulose 

1%, ascorbic acid 0.5%, glycerin 0.2%, calcium chloride 0.2% along with chitosan 2%) and pH was adjusted to 4.0 with citric acid. The quality 

parameters like TSS, total sugars, reducing sugar, non-reducing sugar, vitamin C were improved continuously upto 15 - 20 days under 

refrigerated storage condition except untreated control and degraded thereafter. However, among all the treatments, application of EC + CaCl  2

1% was the best edible coating having potential to preserve valuable quality attributes for increasing shelf life of tomato fruits showing  

minimum physiological loss of weight and reduced the ripening percentage for longer duration followed by application of KMS, Aloe vera 

extract and okra extract.
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Tomato (Lycopersicon esculentum L. Syn. Solanum 

lycopersicum Mill.) a herbaceous vegetable under family 

Solanaceae, has a relatively short post-harvest life since 

many processes including transpiration, post-harvest 

diseases, increased ripening and senescence affect quality 

loss after harvesting since it is a climacteric fruit (Zapata et al 

2008). Major post-harvest losses of tomatoes are due to 

fungal infection, physiological disorders, physiological loss of 

weight and physical injuries which result in the early 

deterioration of fruit quality (Javanmardi and Kubota 2006, 

Zapata et al 2008, Dhaliwal et al 2010, Kumar et al 2013, 

Meena et al 2014). Among the various post-harvest 

management practices, recently, edible coatings have been 

developed to extend the shelf life of fruits and vegetables. 

This environment friendly technology wraps the film closely 

on surface of fruits preventing respiration and transpiration 

loss, thus, slowing down senescence. In the present 

experiment, plant based natural extracts like Aloe vera, okra 

extract having nutraceutical values have been used to see 

their effectiveness to reduce post-harvest losses. There is a 

worldwide trend to explore new alternatives that control post-

harvest pathogenic diseases to avoid negative and side 

effects on human health due to excessive application of 

synthetic chemicals. In addition, the emergence of fungicide-

resistant strains of microorganisms and the continuous 

rigorous regulation of fungicide use and disposal has 

reduced the possibility to conceive control strategies based 

on chemicals. Therefore, increasing shelf life of tomato with 

different method of edible coating and to maintain the quality 

is the need of future. The biodegradable nature of natural 

compounds derived from animal and plants have potential 

and now are being explored by researchers. Among these, 

chitosan, a high molecular polymer, nontoxic, bioactive agent 

has become a useful coating compound due to its fungicidal 

effects . With the above views, the plant based extracts viz., 

Aloe vera and okra extract have been used along with other 

chemicals in the present experiment to see their 

effectiveness to reduce post-harvest losses and enhance 

shelf life of tomato with maintaining quality.

MATERIAL AND METHODS

Collection of sample: Tomato fruits (var. Roma) harvested 

at uniform physiological maturity stage (fully mature but not 

ripe stage) free from injuries, insect pest diseases were 

collected from crops grown uniformly without any fertilizers. 

The collected fruits were washed with distilled water and 

covered with sterile tissue paper to soak the moisture present 

on fruit surface. The fruits were grouped into three 

replications in each of treatment and kept for analysis of 

qualities upto 30 days after storage (DAS) until the complete 

decay.

Aloe vera extract: Leaves of Aloe vera were harvested and 

washed with fresh water followed by a mild chlorine solution 

(25%). Aloe vera gel matrix was then separated from the 



outer cortex of leaves with the help of a sharp knife and tea 

spoon and this colourless hydro parenchyma was ground in a 

blender and fresh Aloe vera extract was obtained by 

removing the fibres. Approximately, 772 g gel was extracted 

from 1.471 kg leaves (52.48% recovery). The gel matrix was 

pasteurized at 70 °C for 45 minutes and was cooled 
-1 -1immediately and ascorbic acid (2.0 g L ), citric acid (4.6 g L ) 

was added to maintain the pH at 4.0 and thus, the gel 

prepared stored in brown amber bottle to prevent oxidation 

(Adetunji et al 2012). The final Aloe vera based edible coating 

was prepared by mixing  distilled water (100 ml) and Aloe 

vera juice (300 ml) (1:3 ratio), boiled with continuous stirring 

for uniform dispersion and filtered for purification (Chauhan 

et al 2014). Tomatoes were coated by dipping the fruits in 

prepared Aloe vera extracts supplemented with edible 

coating (EC) having 2% chitosan. 

Okra extract: Fresh okra (Abelmoschus esculentus L.) fruits 

were washed and seeds were removed prior to extraction of 

mucilage. Okra fruits were then sliced with knife and boiled at 

100 °C for 1 hour for extraction of mucilage with addition of 

some amount of sterile distilled water to prevent direct 

heating in contact with boiling pan. Extracted mucilage (275 

ml extract from 1 kg okra fruits i.e. 27.5% recovery) was 

filtered through muslin cloth and mucilage was collected in 

amber bottle. Final solution was prepared by adding sterile 

distilled water and okra mucilage in 1:5 ration before coating 

of tomato fruits aseptically along with EC solution.

Experimental design: The experiment was laid out in 

completely randomized design (CRD) with 8 treatments and 

3 replications under laboratory condition. The edible coating 

(EC) treatments were T - Control, T - EC + CaCl  1%, T - EC 0 1 2 2 

+ Ethrel 0.1%, T - EC + Na- alginate 1.5%, T - EC + Na- 3 4 

Benzoate 0.1%, T - EC + KMS 0.1%, T - EC + Aloe vera 5 6 

extract, T  - EC + Okra extract. Chitosan @ 2% as antifungal 7

agent was added to all the treatment solutions equally. The 

treated fruits were kept inside simple polystyrene boxes 

under refrigerated condition. EC was prepared with the 

following composition Carboxymethyl cellulose 1%, ascorbic 

acid 0.5%, glycerin, calcium chloride, chitosan @ 2% and pH 

was adjusted to 4.0 with citric acid.

Physiological loss of weight and ripening: The 

physiological loss of weight (PLW %) of tomato fruits was 

calculated by considering the differences between initial 

fresh weight and final weight of tested fruits after drying 

divided by their initial weight and multiplied by 100 at 

corresponding date of observation. Ripening of tomato was 

identified by its colour, softness, with the help of colour chart 

and expressed as percentage value.

Analysis of quality parameters: The quality parameters 

(titratable acidity, vitamin C, total sugars, TSS, reducing and 

non- reducing sugar) were studied in the laboratory of 

Department of Horticulture, following standard method as 

suggested by AOAC (2000).

Microscopic study of cell damage: The outer skin cells of 

both damaged and undamaged fruits were observed 

microscopically under Electronic microscope equipped with 

monitor display (Model- M1120/B.R. Biochemicals, 

USA).The outer layer of skin was removed carefully and cut 

into small pieces. Suitable cut pieces placed on cover slide 

with a drop of glycerol and covered with cover slip followed by 

air drying. 

RESULTS AND DISCUSSION

Effect of edible coatings on physiological loss of weight 

and ripening: There was a significant variation in 

physiological loss in weight (PLW) and was maximum (Table 

1) at 30 days after storage (DAS) when the fruits were kept as 

untreated control. At 15 DAS, the PLW was minimum under 

EC + CaCl  1% followed by application of KMS, Aloe vera and 2

Okra extract. The weight loss percentage increased 

significantly with the ripening  and control fruits displayed 

rapid increase in weight loss (%) as compared to all other 

treatments due to uncontrolled ripening in untreated tomato 

fruits which might be due to a sudden increase in ethylene 

production and respiration rate (Haile 2018). The higher 

respiration rate also resulted in higher transpiration of water 

from the fruit surface leading to increase in percentage of 

physiological loss in weight. The mucilaginous plant extracts 

(Okra and Aloe vera gel) are basically hetero 

polysaccharides which act as hydrophilic coating and reduce 

the moisture loss. The minimum ripening was in EC + CaCl  2

1%followed by EC + Na alginate 1.5 and application of Aloe 

vera and Okra extract. The fruits under uncoated control 

showed the maximum ripening (85.71%) at 15 DAS. All the 

fruits ripened (100% ripening) under the control at 20 days 

after storage and all tomato fruits ripened at 30 days after 

storage irrespective of treatments. 

Change in biochemical characters: The acidity (in terms of 

citric acid) increased in all treatments during initial stages of 

growth and development. However, the change was non-

significant, but the minimum was (0.55%) under T at 15 DAS. 6 

The acidity increased in control followed by T , T , T and T at 2 3 4 7 

15 DAS. However, there was a clear cut tendency of 

decreasing acidity in all treatments with the process of 

storage after 15 days of storage. The fruit acidity increased 

continuously in all the treatments might be due to the fact that 

the fruits were harvested at mature but not ripened stage 

(Batu 2004, Moneruzzaman et al 2009). Bhattarai and 

Gautam (2006) observed that during storage, the fruit itself 

might utilize the acids so that acidity in the fruits during 
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storage periods may decrease after a certain days and in 

certain treatments. Wills et al (2007) also reported the 

decrease in total acidity and increase in total sugars and TSS 

during storage. The  increasing trend in vitamin C content 

continued to 15 days of storage and maximum vitamin C 
-1(34.44 mg 100g ) was estimated  in T  followed by T , T , T , 1 3 5 6

T  and T (Table 1). The tendency of decreasing vitamin C in 7 0 

all the treatments was observed after 15 days of storage and 

continued to 30 days. The vitamin C and titratable acidity 

content of tomato fruits increased with maturity and reached 

the peak at 15 DAS and started to decrease thereafter. The 

microscopic viewed area of skin layer of fruits under T  1

proved that the cell walls were intact even after 20 days of 

storage. 

The maximum TSS (6.50 °Brix) was estimated in T  1

followed by T , T , T , T , T , T  at 15 DAS. All treatments 6 7 5 3 2 0

showed decrease in TSS after 15 DAS (ranging from 3.90 to 

4.65 °Brix). Cramer et al (2001) observed that most of tomato 

sold in the market attained their peak TSS content earlier of 

15 DAS while, processing tomato varieties showed highest 

TSS at 20 DAS and afterwards, TSS decreased. This 

increase and subsequent decreasing pattern of TSS after 15 

DAS might be due to slower rate of hydrolysis of 

carbohydrates. The general trend of initial increase in total 

soluble solids followed by a decrease was also reported by 

Eskin (2000) who explained that starch is accumulated in 

green tomatoes which start to fall with the onset of ripening 

and this decrease is accompanied by rising soluble solids. 

Increase in TSS of tomato fruits could be due to excessive 

moisture loss which increases concentration as well as the 

hydrolysis of carbohydrates to soluble sugars (Nath et al 

2011). The maximum total sugars was observed in T  (5.09 1

%) followed by application of okra extract (T ) at 15 DAS and 7

minimum in control. But, the total sugar content continued to 

increase even at 30 DAS, the maximum total sugars (5.92%) 

at 30 days of storage was in EC + CaCl  1% followed by EC + 2

Treatments Physiological loss 
of weight (%)*

Ripening (%)* Acidity (%) Vitamin C (mg/100g)

15 
days**

30 days
15 

days
30 days 0 days 15 

days
30 days 0 days 15 

days
30 

days

T (Control)0  13.60 17.00 85.71 100 0.20 0.71 0.54 10.72 24.00 16.10

T  (EC + CaCl  1%)1 2 8.00 10.10 42.86 100 0.28 0.65 0.48 11.65 34.44 24.45

T  (EC + Ethrel  0.1%)2 12.97 13.60 71.43 100 0.18 0.65 0.50 15.77 18.00 12.08

T  (EC + Na- alginate 1.5%)3 9.67 13.80 57.14 100 0.22 0.80 0.62 15.67 28.00 21.71

T  (EC + Na- Benzoate 0.1%)4 10.00 12.30 71.43 100 0.30 0.74 0.53 16.71 21.66 15.27

T  (EC + KMS  0.1%)5 8.23 11.70 71.43 100 0.35 0.61 0.57 12.67 24.33 20.72

T   (EC + Alovere gel)6 8.53 12.63 57.14 100 0.20 0.55 0.56 10.69 26.00 19.82

T  (EC + Okra extract)7 8.50 11.20 57.14 100 0.28 0.74 0.67 14.72 23.33 18.54

CD (p=0.05) 1.56 2.34 5.56 NS NS NS NS 1.99 6.25 3.21

Table 1. Performance of edible coating treatments on post-harvest quality of tomato fruits.

EC- , *Considering physiological loss - 0% and ripening - 0% at 0 
days of storage, ** days of storage

Carboxymethyl cellulose 1% + ascorbic acid 0.5%+ glycerin+ calcium chloride+ chitosan @ 2%

Treatments °TSS ( Brix) Total sugars (%) Reducing sugar (%) Non - reducing sugar (%)

0 
days*

15 
days

30
 days

0 
days

15 
days

30 
days

15 
days

30 
days

15 
days

30 
days

T (Control)0  4.70 4.93 2.05 3.80 4.39 2.00 2.00 2.67 1.00 1.35 1.27 0.55

T  (EC + CaCl @ 1%)1 2 5.40 6.50 4.67 3.85 5.09 5.92 2.07 2.80 3.38 1.33 1.84 2.09

T  (EC + Ethrel @ 0.1%)2 4.70 5.10 4.10 3.93 4.58 5.28 2.00 2.27 3.09 1.48 1.86 1.74

T  (EC + Na- alginate @ 1.5%)3 4.60 5.20 3.90 3.95 4.76 5.26 2.03 2.63 3.16 1.47 1.68 1.65

T  (EC + Na- Benzoate @ 0.1%)4 4.10 4.70 4.10 4.20 4.77 5.29 1.97 2.40 2.97 1.78 1.92 1.87

T  (EC + KMS @ 0.1%)5 4.80 5.30 4.65 4.16 4.57 5.43 1.83 2.52 3.34 1.88 1.6 1.64

T   (EC + Alovere gel)6 5.10 5.80 4.60 3.90 4.67 5.44 1.73 2.53 3.19 1.72 1.69 1.8

T  ( EC + Okra extract)7 4.50 5.40 4.57 4.04 4.77 5.45 1.87 2.50 3.23 1.72 1.82 1.77

CD (p=0.05) 0.88 1.25 0.78 0.42 NS 0.51 NS 0.79 NS 0.38 0.48 0.51

0 
days

0 
days

Table 2. Effect of edible coating on fruit quality of tomato

EC- Carboxymethyl cellulose 1% + ascorbic acid 0.5%+ glycerin+ calcium chloride+ chitosan @ 2%,, * days of storage
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KMS 0.1% and minimum total sugars was in control (5.05%) 

(Table 2). Total sugars in all treatments increased 

continuously up to 30 days of storage and T  recorded the 1

maximum total sugars in all stages. The breakdown of 

polysaccharides into water soluble sugar might be a reason 

for increase in sugar content with the ripening. The increase 

in reducing sugar in all treatments continued upto 30 days 

after storage (Table 2). The maximum reducing sugar 

(3.38%) was observed in EC + CaCl  1%) followed by T  at 30 2 5

DAS. There was an increasing trend also in the non-reducing 

sugar in all treatments at initial storage period. The maximum 

non reducing sugar was observed under in EC + Na 

benzoate at 15 DAS and minimum non -reducing sugar (0.55 

%) was in control. Preeti et al (2016) also found similar results 

while experimenting on ber.

CONCLUSION

The application of 1% CaCl along with edible coating 2 

(EC) formulation was the best for improving shelf life as well 

as maintaining quality of tomato since Ca might influenced 

cell wall maintenance. Aloe vera extract and Okra 

mucilaginous extract are a potential substance for coating to 

increase the shelf life of tomato with the added advantage of 

their organic nature, mucilagenous and additional 

nutraceutical qualities which would even fortify the nutritional 

value of the tomatoes besides preventing the harmful effects 

of the chemical coatings on human health.
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Effect of Seed Treatment on Seed Germination and Vigour 
Parameters in Seeds Subjected to Salt Stress  in Tomato 

(Solanum lycopersicum L.)

Indian Journal of Ecology (2018) 45(4): 892-894

Abstract: In the present study, various seed treatments were used to improve the seed germination in tomato (Punjab Ratta and Roma). The 

salinity   affects seed germination and seedling vigour parameters adversely. Seeds were treated with different concentrations of salicylic acid 
ï(0 .5 and 1mM) and hydrogen peroxide (20 and 50mM) at 25 C. After 14 days of germination, seedlings were collected and then various 

physiological and biochemical estimations were done. Seed treatment with 1mM Salicylic  acid  and 50mM hydrogen peroxide were more 

effective than SA 0.5mM and  H O  20mM. Biochemical parameters i.e. total soluble sugars and proteins increased by all the seed treatments. 2 2

Peroxidase, catalase, superoxide dismutase and malondialdehyde content increased following all the seed treatments. Thus, SA (0.5mM and 

1mM) and H O  (20mM and 50mM) helped to mitigate the adverse effects of salinity by increasing the activity of antioxidant enzymes. 2 2

Keywords: Tomato, Salinity stress, Salicylic acid, Hydrogen peroxide
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Tomato (Solanum lycopersicum) is an annual vegetable 

crop native to tropical central and South America belonging to 

family Solanaceae. Tomato is sensitive to moderate levels of 

salt in the soil (Oztekin and Tuzel 2011) is one of the 

important environmental stress that largely affects the 

growth, nutritional status and productivity of species 

worldwide. Salinity becomes a matter of concern if 

“excessive” levels or concentration of soluble salts occurs in 

soil due to mismanaged irrigation water. Exogenous 

application of plant growth substances and various 

chemicals can be used to improve seed vogour parameters 

in plants under stress conditions (Kaur and Gupta 2016). 

Salicylic acid (SA) chemically known as ortho-hydroxy 

benzoic acid and many other salicyclates affects many 

physiological and biochemical activities of plants that acts as 

an endogenous growth regulator (Javaheri et al 2012). 

Hydrogen peroxide (H O ) is a natural plant metabolite that 2 2

accumulates in plant tissues in the absence of its natural 

scavengers (catalase and peroxidase reactive molecule 

plays a role in plants developmental physiological processes 

and also helps the plant to resist stress. Hydrogen peroxide 

(H O ) in addition to some ROS (superoxide radical, hydroxyl 2 2

radical etc) accumulate during the early stages of 

germination and in seed during imbibitions, majorly as a 

result of their increased extracellular and intracellular 

production (Wojtyla et al 2016). Hydrogen peroxide (H O ) 2 2

increases the growth and physiological phenomenon by 

preventing oxidative damage and enhancing the capacity to 

withstand salt stress (Hemalatha et al 2017).

MATERIAL AND METHODS

The present investigation was conducted at Punjab 

Agricultural University, Ludhiana in 2016-17. Tomato seeds 

of Punjab Ratta and Roma were surface sterilized by 0.1 % 

solution of mercuric chloride, followed by thorough washing 

with distilled water to avoid any fungal infection. To stimulate 

salinity stress, the germination papers in petridishes were 

moistened with solutions of different salinity levels (Control, 

25, 50, 75 and 100mMm NaCl). The petridishes were placed 

in an incubator at 25°C and 60±15 % relative humidity for 14 

days to record the effect of salinity on germination 

parameters. The seeds were soaked for 2 hrs in solution of 

different concentrations of SA(0.5 and 1mm) and hydrogen 

peroxide(20 and 50mm) and these treated seeds were 

subjected to salinity stress to see the effect on various 

physiological  parameters after 14 days of germination.

Vigour Index I = Germination (%) x seedling length (cm); 

Vigour Index II = Germination (%) x seedling dry weight (g), 

Speed of germination (Maguire, 1962) 

It was computed using 25 seeds, using TP method in 

triplicate in petridishes. Daily observations of emerged 

seedlings were recorded till the final count day.



Speed of germination = ∑ [n1/d1 + n2-n1/d2 +……nn-

nn-1/dn] = Ó n / d

Where n = number of seeds germinated, d = number of 

days taken for germination.

RESULTS AND DISCUSSION 

The seed treatments of SA (0.5 and 1mm) and H O (20 2 2 

and 50mM) improved the germination rates as compared to 

control and   hydrated seeds. The hydration of seeds for 2 

hours increased the percent germination in both the seed lot 

of Punjab Ratta and Roma but the effect was more 

pronounced in Roma. Hydrogen peroxide (H O ) increases 2 2

the growth and physiological phenomenon by preventing 

oxidative damage and enhancing the capacity to withstand 

salt stress (Hemalatha et al 2017). SA is applied exogenously 

increase the salt tolerance ability of pumpkin (Rafique et al 

2011). The great reduction of seedling growth occurred with 

NaCl treatments in cabbage, mustard and water spinach 

compared to control (Sarker et al 2014). Seed invigoration by 

salicylic acid has been reported in earlier studies in response 

to various abiotic stresses (Shruti et al 2016, Kaur and Gupta 

2017, Kaur and Gupta 2017a, b, Parcha and Gupta 2017a, b)

With the increasing salinity levels the fresh weight of the 

seeds reduced as a result of reduced seedling length. 

Therefore vigour index I reduced with the increasing salinity 

levels (Table 2 and 3). Both the concentrations of SA (0.5 and 

1mM) and H O (20mm and 50mm) improved the vigour rates 2 2 

in Punjab Ratta and Roma. But the effect of 1mm SA and 

50mM H O was more than 0.5mm SA and 20mm H O . The 2 2 2 2

application of SA on plants under drought and salinity stress 

conditions lead to higher total biomass and seed vigour index 

(Shakirova et al 2003, Kabiri et al 2012). Higher vigour index 

was observed in chilli seeds treated with H O  as compared to 2 2

control (Nandi et al 2017).

With the rise in salinity levels the reduction in dry weight 

was observed and so the reduction in vigour index II was 

observed (Tables 4 and 5). The hydration of seeds for 2 hours 

increased the vigour index II but the effect was more 

pronounced in Roma. Both the concentrations of SA and 

H O improved the vigour rates in Punjab Ratta and Roma. 2 2 

Similar results are reported in cucumber (Kaur and Gupta 

2017), muskmelon (Kaur and Gupta 2017a, b) and tinda 

seeds (Parcha and Gupta 2017b).

The germination speed was decline with the increasing 

salinity levels. The hydration of seeds for 2 hours increased 

the speed of germination but the effect was more pronounced 

in Roma. Both the concentrations of SA (0.5 and 1mM) and 

hydrogen peroxide (20 and 50mM)  improved the speed of 

germination in Punjab Ratta and Roma. But the effect of 1mm 

SA and 50mm H O  was more than 0.5mM SA and 20mm 2 2

Treatments Punjab  Ratta Roma

25mm 50mm 75mm 25mm 50mm 75mm

Control f82.0 f64.7 f52.3 f87.8 f71.8 f65.3

Hydration e84.7 e68.7 e55.3 e92.3 e77.5 e69.2

SA (0.5mm) d86.7 d72.3 d58.3 d92.7 d82.5 d78.7

SA (1mm) c89.0 c73.7 c60.3 c93.0 c83.8 c79.8

H O  (20mm)2 2
b93.3 b76.3 b63.3 b93.7 b85.8 b81.3

H O  (50mm)2 2
a95.3 a79.7 a70.3 a95.3 a86.5 a83.3

Table 1. Effect of seed treatments on percent germination of 
tomato (Solanum lycopersicum) seeds under salt 
stress

Values with different letters indicate statistical difference at p< 0.05 (Tukey's-b test)

Treatments 
(mm)

Punjab  Ratta Roma

25mm 50mm 75mm 25mm 50mm 75mm

Control f5.9 f8.2 f5.8 e11.0 e8.8 f4.3

Hydration e11.6 e10.1 e6.3 e11.4 e9.0 e4.8

SA (0.5mm) d12.5 d12.1 d8.6 d14.1 d12.5 d9.1

SA (1mm) c14.0 c12.9 c10.4 c14.8 c13.1 c11.2

H O  (20mm)2 2
b15.1 b14.0 b12.0 b16.1 b14.7 b12.8

H O  (50mm)2 2
a16.4 a15.1 a13.1 a17.7 a16.2 a14.1

Table 2. Effect of seed treatments on seedling length (cm) of 
tomato (Solanum lycopersicum) seeds under salt 
stress

Values with different letters indicate statistical difference at p< 0.05 (Tukey's-b test)

Treatments 
(mm)

Punjab  Ratta Roma

25mm 50mm 75mm 25mm 50mm 75mm

Control f736.2 f400.0 f302.0 f1001.9 f634.5 f282.6

Hydration e834.8 e600.0 e486.0 e1017.8 e686.7 e339.9

SA (0.5mm) d1017.6 d800.0 d490.6 d1067.3 d900.2 d500.1

SA (1mm) c1114.0 c900.0 c530.4 c1120.2 c950.3 c550.5

H O  (20mm)2 2
b1280.3 b1000.0 b625.0 b1375.2 b1100.2 b650.2

H O  (50mm)2 2
a1367.0 a1176.9 a728.1 a1400.2 a1150.6 a800.1

Table 3. Effect of seed treatments on vigour index I of tomato 
(Solanum lycopersicum) seeds under salt stress

Values with different letters indicate statistical difference at p< 0.05; analysed 
by Tukey's-b 

Treatments Punjab Ratta Roma

25mm 50mm 75mm 25mm 50mm 75mm

Control f1.2 f1.0 f1.0 f2.0 e1.4 e1.3

Hydration e1.5 e1.3 e1.1 e2.4 e1.6 e1.5

SA (0.5mm) d2.0 d1.9 d1.7 d3.8 d2.6 d1.8

SA (1mm) c2.6 c2.1 c1.9 c4.0 c3.2 c2.0

H O  (20mm)2 2
b3.1 b2.5 b2.0 b4.6 b3.8 b2.7

H O  (50mm)2 2
a4.1 a3.9 a2.6 a5.1 a4.6 a3.3

Table 4. Effect of seed treatments on dry weight of seedlings 
(mg) of tomato (Solanum lycopersicum) seeds 
under salt stress

Values with different letters indicate statistical difference at p< 0.05; analysed 
by tukey's-b test
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Treatments 
(mm)

Punjab Ratta Roma

25mm 50mm 75mm 25mm 50mm 75mm

Control f2.8 f2.2 f1.6 f3.0 f3.0 e2.5

Hydration e3.4 e2.6 e2.0 e4.1 e3.7 e3.2

SA (0.5mm) d5.9 d5.4 d3.4 d6.1 d5.8 d4.0

SA (1mm) c6.2 c5.8 c4.0 c6.5 c6.4 c'4.2

H O  (20mm)2 2
b6.8 b6.3 b4.4 b7.1 b6.8 b5.1

H O  (50mm)2 2
a7.2 a6.7 a5.0 a7.5 a7.3 a5.7

Table 6. Effect of seed treatments on speed of germination of 
tomato (Solanum lycopersicum) seeds under salt 
stress

Values with different letters indicate statistical difference at p< 0.05; analysed 
by tukey's-b test

Treatments Punjab Ratta Roma

25mm 50mm 75mm 25mm 50mm 75mm

Control f0.115 f0.090 f0.065 f0.169 f0.103 f0.079

Hydration e0.121 e0.096 e0.071 e0.219 e0.126 e0.106

SA (0.5mm) d0.132 d0.098 d0.082 d0.261 d0.161 d0.148

SA (1mm) c0.142 c0.100 c0.089 c0.301 c0.201 c0.191

H O  (20mm)2 2
b0.154 b0.101 b0.090 b0.352 b0.251 b0.210

H O (50mm)2 2 
a0.171 a0.119 a0.102 a0.453 a0.321 a0.240

Table 5. Effect of seed treatments on vigour index II of tomato 
(Solanum lycopersicum) seeds under salt stress

Values with different letters indicate statistical difference at p< 0.05; analysed 
by tukey's-b test

H O . Genotypes that germinated earlier at elevated levels of 2 2

salt stress are believed to be more potent and may be used 

as parents or promising donors in salt tolerance crop 

breeding programmes (Singh et al 2012). 

CONCLUSION

The percent germination declined with increasing 

concentration of NaCl. Maximum seed vigour parameters 

were in 25mM NaCl. All the seed treatments improved seed 

vigour parameters of seedlings as compared to control in 

both the genotypes. However, SA (1mm) was more effective 

than SA (0.5mm) and H O  (50mm) was more effective than 2 2

H2O2 (20mm).
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Effect of Sources of Organic Manure and Levels of N and P on Weed 
Infestation and Dry Matter Production of Cassava in Lowlands

Indian Journal of Ecology (2018) 45(4): 895-897

Abstract: A study was undertaken at Integrated Farming System Research Station, Karamana, Thiruvananthapuram, Kerala during 2017-18 

to study the effect of sources of organic manure including green manuring in situ and levels of N and P on weed infestation and dry matter 

production of cassava in lowlands. The practice of green manuring in situ with cowpea, raised along with cassava, reduced weed infestation in 
-1cassava and improved its growth and yield. Application of higher level of N (75 kg ha ) resulted in higher weed dry weight and density, but 

produced higher dry matter of cassava. There was no marked variation in weed infestation due to P levels. However, application of lower level 
-1 -1 of P (25 kg P O  ha ) resulted in higher dry matter production. Combined application of poultry manure @ 2.5 t ha + green manuring in situ 2 5

-1 (M3) + 75 : 25 : 100 kg NPK ha registered lower weed infestation and highest tuber yield and dry matter production of cassava in lowlands.

Keywords: Cassava, Green manuring, Weed infestation, Tuber yield, Dry matter production
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Cassava (Manihot esculenta Crantz) belonging to the 

family Euphorbiaceae is the second most important tuber 

crop after potato. In Kerala, cassava cultivation is important 

alternate crop  in lowlands wherever shortage of water for 

rice cultivation. Weed infestation is one of the major 

constraints in cassava cultivation especially in lowlands 

and weeding is the major labour consuming activity. Weeds 

compete with cassava for water, nutrients, space and light, 

both below and above ground. Addition of farmyard 

manure, non-availability of labour for timely intercultural 

operations and lack of proper land preparation contribute to 

weed growth in cassava fields. It causes severe yield loss 

(up to 90%) and makes harvesting of underground tuber 

difficult (Ravindran et al 2010). Cassava is usually widely 

spaced (75-90  x 75-90 cm) and takes about 3 - 3.5 months 

for ground coverage. Hence initial three months is 

considered as the critical period of weed competition for 

cassava. Thus an effective weed management strategy is 

necessitated to bring down the weed population below 

economic threshold level. Green manuring in situ is 

considered as an efficient way for controlling weeds 

thereby improving the yield of cassava. Besides, green 

manuring in situ with cowpea could substitute FYM 

application to cassava and fertilizer N and P were saved by 

50 per cent without hampering the root yields. With this 

background, on effect of sources of organic manure 

including green manuring in situ and levels of N and P on 

weed infestation and dry matter production of cassava in 

lowlands was conducted. 

MATERIAL AND METHODS

The field experiment was conducted during September 

2017-February 2018 at Integrated Farming System 

Research Station, Karamana, Thiruvananthapuram, Kerala. 
oThe climate is humid with maximum temperature of 32 C and 

ominimum temperature of 24 C, relative humidity of 86 per 

cent and a total of 90.2 cm, but the total rainfall received was 

884.31 cm during the cropping period. There was sufficient 

rainfall upto four months of the crop. The soil was clay loam in 

texture and acidic with a pH of 5.2. It was high in organic 
-1carbon (2.5%) and available P (68.76 kg ha ) and medium in 

-1 -1available N (249.91 kg ha ) and K (257.56 kg ha ). The 

experiment was in 3 x 2 x 2 factorial  laid out in randomized 

block design with three replications. The treatments 

consisted of three sources of organic manure (M - FYM @ 1 

-1 -112.5 t ha , M - FYM @ 6.25 t ha  + green manuring in situ and 2 

-1M - poultry manure (PM) @ 2.5 t ha  + green manuring in 3 

-1situ), two levels of N (50 and 75 kg ha ) and two levels of P (25 
-1and 50 kg P O  ha ) along with a uniform dose of 100 kg K O 2 5 2

-1ha . Organic manures were applied at land preparation as 

per the treatments. Cassava var. Vellayani Hraswa was 

planted on ridges at a spacing of 90 x 90 cm after applying ½ 

N + full P + ½ K of the fertilizer dose as per the treatments. 
-1Cowpea @ 30 kg ha  was sown on the two sides of the ridges 

in between cassava plants for green manuring in situ and was 

incorporated 50 days after planting (DAP) along with top 

dressing (½ N + ½ K) for cassava. 

Observations on weed infestation in terms of weed 



density and weed dry weight were taken from the randomly 

selected area of 1.8 m x 0.45 m in each net plot at 30, 50 and 

70 DAP just before each weeding and at monthly interval 

from 90 DAP till harvest. Number of weeds was expressed as 
-2weed density m . The weeds in the specified area (1.8  x 0.45 

m) in each plot were pulled out along with roots, washed, 
Odried under shade and oven dried at 70±5 C to a constant 

-2weight. The weed dry weight was expressed in g m . 

Cassava was harvested at six months after planting. The 

net plot was harvested separately, the tubers separated and 

cleaned to remove soil. The fresh weight was recorded and 
-1yield was expressed in t ha . Dry matter production was 

recorded at harvest. The observational plants from the net 

plot uprooted were separated into stem, leaves and tuber. 

Fresh weight of each part was recorded and sub samples 

were taken for estimating the dry weight. The sub samples 
owere dried in an oven at 70± 5 C to constant dry weight. Then 

the dry weight of each part was computed. Total dry matter 
-1 production (TDMP) was worked out in t ha by summing up 

the dry weights of all plant parts.

RESULTS AND DISCUSSION 

The important weeds observed were grasses like 

Isachne miliaceae and Leptochloa chinensis; sedges like 

Fimbristylis miliaceae and Cyprus rotundus and broad 

leaved weed like Marsilia quadrifoliata and Ludwigia 

perennis. The grasses dominated (70.5%) among the weed 

flora followed by broad leaved weeds (24.3%) and sedges 

(5.2%). Irrespective of treatments, weed density showed a 

decreasing trend from 30 DAP upto harvest (Table 1) due to 

increased ground coverage by cassava with time restricting 

the resource availability for weed growth. The lower weed 

-2infestation in terms of weed density and dry weight m  was 

in green manure plots at all stages of observation.  This 

might be due to the competition from cowpea growing in the 

interspaces of cassava. Among green manure treatments, 
-1PM @ 2.5 t ha  + green manuring in situ was more 

-2advantageous. Weed dry weight m  showed an increasing 

trend in all the plots upto three months` stage of cassava (90 

DAP), which decreased towards harvest (Table 2). 

However, in green manure plots, increasing trend in weed 

dry weight was upto 70 DAP only. This was in conformity 

with the findings of Amanullah et al (2006) who observed 

that smother crops such as cowpea, maize, groundnut, 

melon growing along with cassava during its initial growth 

period up to 90 days was found effective in controlling 
-2weeds. Weed density m  showed an increasing trend with 

increasing level of N at all stages, but significant increase 

was observed only during initial growth stages of cassava 
-2(upto 90 DAP). Weed dry weight m  also increased when N 

-1level was increased from 50 to 75 kg ha . Levels of P 
-2registered no conspicuous variation in weed density m  at 

all stages except at 70 DAP and harvest. Higher weed 

density at 70 DAP but lower at harvest were registered by 
-1lower level of P (25 kg P O  ha ). Higher tuber yields of 2 5

cassava were in green manured plots (Table 3). Combined 
-1 application of PM @ 2.5 t ha + green manuring in situ (M ) 3

-1 -1along with 75 kg ha (N ) and 25 kg P O  ha (P ) recorded the 2 2 5 1

-1highest tuber yield of 36.22 t ha . Pamila et al (2006) also 

observed the highest tuber yield of cassava in lowlands due 

to application of PM compared to FYM and application of 75 
-1kg compared to 50 kg N ha . Lower level of P (p  - 25 kg P O  1 2 5

-1ha ) resulted in higher tuber yield emphasizing low 

Treatments -2Weed density m  (days after planting)

30 50 70 90 Harvest

Sources of organic manure
-1M  - FYM @ 12.5 t ha1 56.03 41.92 40.50 25.18 18.70
-1M  - FYM @ 6.25 t ha  + GM in situ2 35.91 27.68 30.36 26.26 16.20

-1M  - PM @ 2.5 t ha + GM in situ3 30.04 21.60 26.00 21.27 16.84

CD (p=0.05) 5.26 3.84 3.76 2.30 NS

Levels of nitrogen
-1N   - 50 kg ha1 37.85 29.52 30.11 21.45 15.57
-1N  - 75 kg ha2 43.47 31.28 34.46 27.00 18.93

CD (p=0.05) 4.30 NS 3.08 2.39 1.84

Levels of phosphorus
-1P  - 25 kg P O  ha1 2 5 40.95 30.02 33.89 23.09 16.34
-1P  - 50 kg P O  ha2 2 5 40.37 30.78 30.68 25.38 18.16

CD (p=0.05) NS NS 3.07 NS 1.84

-2Table 1. Effect of sources of organic manure and levels of N and P on weed density m

FYM – Farmyard manure; PM – Poultry manure
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Treatments Weed dry weight (days after 
planting)

30 50 70 90 Harvest

Sources of organic manure (M)
-1M  - FYM @ 12.5 t ha1 68.55 64.50 70.39 74.60 17.32
-1M  - FYM @ 6.25 t ha  + GM 2 25.31 37.46 62.45 53.47 15.72

-1M  - PM @ 2.5 t ha + GM in 3 24.07 31.43 55.95 54.87 12.31

CD (p=0.05) 1.93 6.64 0.93 5.89 1.68

Levels of Nitrogen (N)
-1N   - 50 kg ha1 38.98 41.80 59.18 58.05 15.39
-1N  - 75 kg ha2 39.65 47.11 66.66 63.91 14.84

CD (p=0.05) NS NS 2.24 4.82 NS

Levels of Phosphorus (P)
-1P  - 25 kg P O  ha1 2 5 39.56 42.42 62.91 61.91 15.01
-1P  - 50 kg P O  ha2 2 5 39.07 46.50 62.93 60.05 15.22

CD (p=0.05) NS NS NS NS NS

Table 2. Effect of sources of organic manure and levels of N 
-2and P on weed dry weight, gm

Treatment combinations Tuber yield TDMP

M N P1 1 1 25.23 13.14

M N P1 1 2 24.62 12.96

M N P1 2 1 27.88 16.29

M N P1 2 2 30.97 16.62

M N P2 1 1 31.11 16.41

M N P2 1 2 28.84 15.71

M N P2 2 1 33.14 20.30

M N P2 2 2 32.06 18.45

M N P3 1 1 32.70 17.89

M N P3 1 2 33.48 18.19

M N P3 2 1 36.22 22.72

M N P3 2 2 32.96 20.50

CD (p=0.05) 1.91 0.97

Table 3. Effect of treatment combinations on tuber yield and 
-1total dry matter production of cassava ( t ha )

requirement of P for cassava. 

Sources of organic manure produced significant 

variation in total dry matter production of cassava (Table 3). 

The total dry matter production (TDMP) was significantly 

higher in green manure plots. Higher uptake of nutrients due 

to higher availability of nutrients and better soil physical 

condition in green manure plots might have resulted in higher 

dry matter production in those plots. Application of PM @ 2.5 t 
-1ha  + green manuring in situ (M ) recorded significantly 3

-1 higher TDMP. Among N levels, 75 kg N ha (N ) gave higher 2

-1dry matter production compared to 50 kg ha  (N ). Pamila 1

(2003) and Sekhar (2004) also obtained the highest dry 

matter production of short duration variety of cassava in 

lowland and upland respectively with N application @ 75 kg 
-1 -1ha . But application of lower level of P (25 kg P O  ha - P ) 2 5 1

resulted in higher dry matter production compared to 50 kg 
-1 -1 P O  ha  (P ). Application of  PM @ 2.5 t ha + green 2 5 2

-1 -1manuring in situ  along with 75 kg N ha  and 25 kg P O  ha  2 5

(M N P ) was superior to others, registering the highest  3 2 1

-1 TDMP of 22.72 t ha (Table 3).

CONCLUSION

The practice of green manuring in situ reduced weed 

infestation in cassava and improved its growth and yield. 
-1 Combined application of PM @ 2.5 t ha + green manuring  in 

-1 situ + 75 : 25 : 100 kg NPK ha registered lower weed 

infestation and recorded the highest tuber yield and dry 

matter production of cassava in lowlands.
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Assessment of Physicochemical Parameters to Investigate 
Pollution Status of White Bein: A Tributary of Sutlej River

Indian Journal of Ecology (2018) 45(4): 898-900

Abstract: White Bein is an important tributary of Sutlej River and passing through two main district of Punjab. Number of tanneries, paper mills 

and sugar mill are situated around it. Three representative sampling stations (Ucha, Chehru and Darewal) were selected in this study to 

evaluate the quality of tributary. The samples were analysed for conductivity, pH, Hardness, chloride, DO, COD, Cd, Cu, Pb, Zn, F and Cr.  The 

analysis was carried out using standard analytical procedures. A number of parameters crossed the Indian standard permissible limits and 

water quality guidelines for aquatic life and indicated pollution within tributary. 
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Water quality of river in Punjab is degrading rapidly at a 

very fast rate due to rapid economic growth and booming 

population, which is leading to industrialization (Shekhon 

2013, Chopra 2014, Mushtaq 2014). The pollution in the river 

further affects the ground water, farmlands, wetland and the 

like (Mabwoga et al 2010). Sutlej is one of the major rivers in 

Punjab on which human population, flora and fauna of 

Punjab (India) are dependent directly. Being one of the major 

rivers and close proximity to major industrial cities like 

Ludhiana, the industrial waste, domestic waste is directly 

released into this river or discharge through natural 

tributaries which act as a water channel for the Sutlej, One of 

its tributaries which join the Sutlej at Sultanpur Lodhi is 

WHITE BEIN and is joined by a number of small water 

channels during its course before joining the Sutlej river.  

East or White Bein is located at 208 metres above sea level 
oand the coordinates from where it originate 31 8'16” N and 

o75 7'37”E. Its course begins from Garshankar tehsil in 

adjoining Hoshiarpur district and enters district Kapurthala at 

Manikpur. After flowing for about 13 km it enters Jalandhar 

district at village Ucha (punjab district gazetteers 1984) and 

is joined by a number of small water channels during its 

course, after taking a south westerly turn it empties into the 

Sutlej River. Paper mills, tanneries and sugar mills of district 

Kapurthala release their effluents into this stream. 

Indiscriminate disposal of untreated industrial effluents into 

the drains have been creating environmental nuisance which 

tends to degrade the aesthetic integrity of the environment. 

Water pollution affects the living organisms including 

humans, fishes, birds and other flora and fauna. Long-term 

exposure to heavy metals can alter the qualitative and 

quantitative structure of microbial communities, resulting in 

decreased metabolic activity and diversity. Microorganisms 

have a high surface area-to-volume ratio, because of their 

small size and therefore, they can provide a large contact 

interface with metals from the surrounding environment. 

Microbial metal accumulation has received much attention 

during recent years, due to its potential use for treatment of 

metal-polluted water. The interest in the evaluation of 

pollution status of natural water bodies of Punjab increasing 

and a number of studies are reported. Water quality of 

Punjab region is degrading continuously because of 

industrialization and extensive agriculture activity. The 

present works examine the water quality of one of the 

important tributary to assess its impact on Sutlej river 

ecosystem. 

MATERIAL AND METHODS

Water samples were collected from three sites (Fig. 1). 

Ucha (31°19'51.5"N 75°45'07.0"E),  Chaheru (31°16'13.9"N 

75°41'25.5"E), and Darewal (31°08'14.9"N 75°07'42.8"E) 

across the tributary to assess- water quality in the year 2017. 

Ucha is begging of its course and Chaheru is near the small 

industrial area, this tributary ends in Darewal by joining Sutlej 

River. Sampling, preservation and transportation of the water 

samples to the laboratory were as per standard methods 

(APHA 1998). Total dissolved solids (TDS) and temperature 

were measured at the sites by using Digital TDS meter 

(Model: WT018, HIMEDIA), electrical conductivity (EC) by 

electrometric method (Glass Electrode method). Titrimetric 



analysis was done for total alkalinity (Cooper 1941), 

hardness and carbon dioxide (Mushtaq et al 2015). To 

analyse dissolved oxygen and chemical oxygen demand 

Winkler azide and Dichromate reflex method were used 

(Strickland and Parsons 1968). Heavy metal analyzed by 

flame AAS method. Observed physiochemical parameters 

were compared with IS (Indian Standard) 10500: report 1991 

to check the contamination.

RESULTS AND DISCUSSION

The results of analysis are based on 11 physicochemical 

parameters of 3 different sampling sites and sampling was 

repeated for 3 times during a year (Pre-monsoon, monsoon 

and post-monsoon). The water within Bein is basically rain 

water and in rainy season its flow and water level increase 

tremendously. During its course it receives industrial 

effluents and domestic waste.  The pH values of collected 

water sample were slightly alkaline within 8.3-8.95 with 

minimum in Ucha (starting point) and maximum at Darewal 

(end point). The pH values were mostly within those defined 

by Indian standard but slightly high at Darewal. Rising pH 

from starting point to the end point, indicating 

anthropological interference. The high value of electrical 

conductivity (EC), alkalinity and TDS were observed in the 

range of 729-798mS/cm, 517-848 mg/L and 1466-2110 mg/L 

,respectively owing to the influence of industrial and 

domestic waste. EC of all the three sites are in the 

permissible limits (1500ìS/cm) given by the Indian 

standards. This shows that the water is less saline and 

capacity of water to conduct electricity is low. Minimum 

values of all such were observed during post monsoon 

season in all sites and maximum values were observed 

during pre mansoon season due to the less water in Bein. 

Minimum Dissolved Oxygen 4.16ppm was at Darewal and 

maximum 5.95ppm at Ucha, but in all sites DO was less than 

desirable value to support optimum biological life. Tributary 

is passing through farm land and air blows over the open 

surface but less depth and slow flow rate may be responsible 

for less DO.  COD and CO  are main indicators of pollution in 2

aquatic environment and were observed within 63-1107ppm 

and 23-27ppm and crossed the permissible limits of SI. 

Chemical oxygen demand is the capacity of water to 

consume oxygen during decomposition of organic matter 

and the oxidation of inorganic chemicals and carbon dioxide 

in water is always present due to natural occurrence such as 

hydrophytic plants respiration, decomposition and animal 

metabolism. Hardness of water (magnesium) was in 

permissible limit - 3.6 and 5.10ppm Calcium from vill. Ucha 

was 101.23 was higher in, Chaheru (136.66) and Darewal 

(146.33) which are not in the permissible limits provided by 

Indian Standards. Chlorine is a halogen and highly toxic 

element and found only at site 2 (Chaheru) and site 3 

(Darewal). Fluoride occurs naturally in water from rocks in 

trace elements and industrial effluents. It is an inorganic 

anion of fluorine. The level of fluoride at Site 1 (Village Ucha) 

was 0.5ppm but due to increase in anthropogenic activity the 

fluoride level increased at site 2 (Chaheru) and at site 3 

(Darewal). The fluoride level gradually increased and cross 

permissible limit. Heavy metal at Site 1 (Vill. Ucha) was with 

least amount of Cd, Cu, Pb, Zn, F and Cr followed by site 2 

(Chaheru) and highest in site 3 (Darewal) which is most 

polluted by heavy metals. High value of chromium is 

alarming and direct indication of industrial participation in 

contamination. 

Fig. 1. White Bein and different collection sites 
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Parameters Site 1 (vill. Ucha) Site 2 (vill. Chaheru) Site 3 (vill. Darewal)

Pre
monsoon

Monsoon Post
monsoon

Pre
monsoon

Monsoon Post
monsoon

Pre
monsoon

Monsoon Post
monsoon

pH 8.3±0.06 7.6±0.31 7.9±0.1 8.44±0.03 7.8±0.19 8.1±0.1 8.95±0.18 7.95±0.18 8.95±0.18

TDS 1466±2.02 1507±11.2 1483±3.2 1877±5.13 1901±7.13 1809±3.13 2110±7.88 1990±6.8 2090±5.8

EC 729±0.03 589±0.02 609±0.03 745±0.3449 699±9.1 717±9.1 798±0.88 698±0.87 766±0.67

Alkalinity 517±5.56 497±4.31 509±3.1 787±16.25 691±3.1 711±4.9 848±12.22 788±5.56 807±5.56

Hardness (Mg) 3.6±0.26 3.2±0.21 3.5±0.22 4.7±0.51 3.6±0.26 4.2±0.26 5.1±0.04 4.7±0.04 5.0±0.04

Hardness (Ca) 101±0.96 89±0.26 86±0.5 136±1.42 92±0.5 119±1.42 146±6.35 128±4.0 139±29.1

Chlorine 0* 0* 0* 0.2±3.39 0* 0.2±1.2 0.8±0.04 0.3±0.1 0.3±0.1

Fluoride 0.5±0 0.4±0 0.5±0 1±0 0.4±0 0.5±0.1 1.27±0.16 0.4±0.22 0.78±0.04

DO 5.95±0.15 6.25±0.2 5.98±0.67 4.65±0.49 4.98±0.49 4.7±0.49 4.16±0.07 4.0±0.1 4.1±0.03

COD 63.49±1.54 65.49±1.1 62.49±2.4 193.96±0.59 197.96±0.59 187.96±0.59 1107.77±8.9 1118.1±0.94 1118.1±0.94

CO2 23.65±2.43 19.50±3.3 22.65±2.4 22.00±3.46 19.00±3.4 20.00±3.4 27.66±1.52 24.21±1.2 27.1±1.1

Table 1. Seasonal chemical property of White Bein (Punjab)

*Negligible value
Each seasonal value is mean ± standard deviation (n=3) 

Site +2Cd +2Cu +2Pb +2Zn +3F +3Cr

Site 1 (vill. Ucha) 0.7± 0.03 0.11±0.70 4.90±0.32 12.80±1.8 0.19±0.014 1.88±0.98

Site 2 (vill. Chaheru) 0.9± 0.2 0.44±0.51 4.34±0.08 13.01±0.98 0.21±0.032 1.91±0.43

Site 3 (vill. Darewal) 1.5±0.09 1.03±0.09 9.12±0.19 34.78±1.01 0.24±0.013 3.45±0.97

Table 2. Heavy metal analysis of different sites in pre-monsoon by flame AAS 

CONCLUSION

The discharges of industrial effluents into receiving 

White Bein in Punjab invariably result in the presence of high 

concentrations of pollutant in the water and sediment. The 

result of analysis for physicochemical parameters indicated 
3+, 2+, 3+ 2+that COD and elements, F Zn  Cr  and Pb  crossed the 

permissible limits at some sites. The contaminants were 

present in concentration, which may be toxic to aquatic 

organisms and harmful for its services.   Polluted water of 

White Bein also has considerable negative impact on the 

water quality of main river, Sutlej. It is therefore 

recommended that the careless disposal of industrial wastes 

without pretreatment should be discouraged and regularly 

monitor by regulatory agencies to ensure the protection of 

water body from further degradation. 
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Effect of Enclosure on Biodiversity and Similarity of 
Rangeland Plant Species

Indian Journal of Ecology (2018) 45(4): 901-903

Abstract: The biodiversity, similarity, and distribution of plant species under two levels of grazed and enclosure in rangeland areas, were 

observed using different indicators, enclosure areas, 2 and 5 years and reference area (under grazing). The data was collected the species, 

the number of individuals per species and the present and absent of plant species. The indices were calculated for the distribution, species 

biodiversity and similarity of each region. There was no significant effect on biodiversity. The Margalef and Menhinick richness indices showed 

significant effect of enclosure on the richness species. The species richness was highest in enclosure 5 years and the lowest enclosure area 

for 2 years. Among the quality indicators for the ecological similarity of expression the only significant difference was in simple matching 

similarity coefficient.
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Comprehensive protection of rangeland ecosystems 

require management based on preservation and 

maintenance of species diversity in them. One of the 

destructive physical pressures on the rangeland area is 

decreasing and causing changes in species diversity is 

excessive livestock grazing. (Khademol Hoseini 2010). 

Grazing is one of the common uses of land throughout the 

world's arid regions. It has significant effects on many 

ecosystem processes, such as accumulation and cycles of 

nutrients, soil structure and soil moisture, and fertility and 

vegetation composition (Gao et al 2007, Garrido et al 2011, 

Al-Rowaily et al 2012). It is generally assumed that grazing 

can affect floristic diversity and composition in different ways, 

depending on the type of grazing animals, grazing intensity 

and host plant species ( Muller et al 2000, Bardget and 

Wardle 2010). Stability and health of natural ecosystems are 

dependent on the richness and diversity of species. With the 

destruction of natural habitats, biological diversity and 

consequently reduces species richness. Species richness 

revealed the presence of different species and species 

richness index has been developed that shows the way by 

giving each a number, the amount of richness in a sample or a 

habitat. The excessive grazed has been identified as the 

main cause of degradation of rangeland during recent 

decades. Thus, one key question for managers is to 

rangeland whether enclosure rangelands will lead to the 

restoration of natural vegetation or not, it's important to be 

known for the duration of rangeland restoration sites (Basiri 

and Irvani 2009). Therefore, in this study the effects of 

different ages enclosure on the species distribution, 

richness, and similarity of the region was evaluated. 

MATERIAL AND METHODS

Characteristics of study area: The region with an area of 

28,111 ha is located in the southeast Mahallat city in the 

Markazi province of Iran. This area is located at longitude 

50°, 29´, 58" to 50°, 44´, 59" and latitude 33°, 37´, 35" to 33°, 

49´, 51". The average rainfall, 255.63 mm, mean annual 

temperature is 11.03 ° C, the actual rate of 

evapotranspiration is 248.55mm and  potential 

evapotranspiration rate 1856.7 mm, based on 28 years data 

Sampling methods: Using spiral quadrates, obtained at 

least one square meter surface sample frame (1×1 m). The 

appearance features and grassland growth structure that is 

non-shrub land is recommended in a square area and due to 

the limitation of time and cost of study, the number of 

quadrates can be closed and the unit structure and growth 

rate and evenness was determined. The area studied under 

two different management of the enclosure areas, 2 and 5 

years and open grazing area by sheep and goats. Therefore, 

to specify the areas within the dominant species using the 

mean cumulative number of 30 quadrats per unit were 

determined and systematic random sampling were deployed 

during the third transect length 150  and 100 m distance from 

each other and  the total of 90 samples were taken. Each 

quadrate data was collected to identify species, present and 

absent of plant species. Plant species after transfer to the 

laboratory were identified using the experience and 



resources, including flora. Lognormal distribution of species 

using Cohen method and similarity coefficients, biodiversity 

and evenness indicator was calculated by the software 

Ecological Methodological.

RESULTS AND DISCUSSION

Based on visits and sampling, 60 plant species of 21 

plant families were identified. The reference area of 15 

families of 34 plant species, grazed 2 years 16- families of 28 

plant species and the 5-year- grazing area of 19 families from 

42 plant species. Characteristics analyses indicated that the 

type of biodiversity Simpson, Shannon, Brillion and Hill and at 

least in two enclosure areas. There are significant 

differences with each other. The indices of Camargo, Ney 

and Smith Wilson in enclosure areas, but in the studied areas 

there are no significant differences in Simpson evenness 

index (Table 1). The comparison of the mean of indicators 

showed that 5-year grazing area has the highest mean of 

diversity (Table 2). The results of the comparison of the 

evenness indices showed that the reference area has the 

highest (Table 3). The results of analysis of variance 

coefficients binary similarity showed that the matching 

coefficient varied significantly being maximum in reference 

area than in enclosure areas (Table 4). Jaccard, Soren and 

Baroni-Urbani and Buser did not vary significantly among 

reference and enclosure areas. The highest species richness 

related to enclosure area 5 years than the area under grazed 

and richness was the lowest in enclosure area for 2 years. 

The initially, enclosure reduced species richness in the 

region and then over time, species richness has increased. 

This may be due to changes in the composition and 

abundance of species created in enclosure effect in the area. 

The results show that among 67 plant species that were 

present in the region, 60 species from 18 families. The 

reference area of 15 families of 34 plant species, grazed 2 

years 16- families of 28 plant species and the 5-year- grazing 

area of 19 families from 42 plant species Previous studies at 

Konza have shown that long-term enclosure sites have lower 

plant species richness (Collins and Calabrese 2012). 

Mesdaghi (2000) examined species richness and vegetative 

forms under three levels of rangeland utilization in semi-

steppes grassland North East Iran and the concluded that 

heavy exploitation of the critical areas reduces the species 

richness and unsatisfactory species are grown, which are 

generally one-year-old or rustic and pillow plants. Mesdaghi 

and Rashtian (2005) surveyed  the species richness in Yekeh 

Chenar rangelands in Golestan province, observed that 

correlation coefficient between logarithm of the frame 

surface and the number of species was quite significant  and 

shrubbery have low species richness comparison with 

Grassland and thickets. Jahanbazi Goojani (2003) in study  

in the region of Char Tagh Ardal in Charmahal and Bakhtiari, 

observed that  enclosure had positive effect on increasing 

plant species richness in region including  invaders plants in 

the enclosure area. Bakhshi and et al (2008) in the study on 

the effect of Haloxylon plantation on richness and similarity 

index using Morisita and Horn indicator concluded that 

Haloxylon plantation has caused significant changes in these 

indicators in which has the most abundance and similarity in 

the region.
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